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ABSTRACT 
Historically, planting soybean in early when compared to late May in the 
midwestern United States was not found to contribute to increasing soybean [Glycine 
max (L.) Merr.] yields. However, decades of genetic improvement concurrent with crop 
management research has resulted in a clear consensus among midwestern university 
researchers that soybean yield potential is increased when the crop is planted in late 
April and early May. These findings have encouraged earlier planting, but raise 
questions about how planting date might interact with other management factors.   
In 58 on-farm trials in Illinois and Indiana in 2011 and 2012, our objective was to 
examine if soybean seed treatments (fungicide + insecticide + rhizobia inoculant) and 
cultivar maturity selection interact with planting date. We found that using seed 
treatments increased yield, by an average of 80.7 kg ha-1, but did not interact with 
planting date. However, cultivar maturity selection did interact with planting date. Full-
maturity cultivars yielded 182 kg ha-1 more when planted in late April vs. mid- to late 
May, but planting date had no effect on the yield of the short-maturity cultivars. 
Using small plot trials conducted at 12 site-years in Iowa, and in the northern half 
of Illinois in the 2012, 2013 and 2014 growing seasons, we examined the interaction 
between cultivar maturity selection and planting date more closely. Our objectives were 
to investigate how planting date and cultivar maturity selection influenced the critical 
seed-filling period duration, and to examine if planting in early May vs early June shifted 
the range in maturity group that produced close to maximum yields toward fuller-
maturity cultivars.  
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The seed-filling period duration was highly related to yield. Simple linear 
correlations coefficients ranged from r = 0.31 to r = 0.78 when the seed-filing period was 
expressed as accumulated incoming solar radiation and accumulated modified growing 
degree days. Planting date and cultivar maturity interacted to effect the duration of the 
seed-filling period. At the early May planting date, the seed-filling period for the full-
maturity cultivars was 11.4 and 4.6 days longer than the short- and mid-maturity 
cultivars. For the early June planting date, however, cultivar maturity only had small 
effects on the seed-filling period duration. A slightly fuller range in maturity group was 
required for near maximum yields (within 67 kg ha-1 of maximum yield) at the early May  
vs. early June planting date, but even at the early planting date the fullest-maturity 
cultivars did not yield more than the mid-maturity cultivars, despite accumulating 32 MJ 
m–2 more incoming solar radiation over a 4.6 day longer seed-filling period.  A lower 
seed-filling rate, perhaps related to lower late-season night temperatures for the full-
maturity cultivars meant that the longer seed-filling period did not result in higher yields. 
To investigate more closely how late-season air temperatures may interact with 
cultivar maturity. We used 92 total site-years of variety trials in northern and central, IL 
conducted by the University of Illinois Variety Testing program to examine if site-years 
with warm air temperatures during the seed-filling period would result in full-maturity 
cultivars yielding more than mid-maturity cultivars. We also were interested to see if 
site-years with cool air temperatures during the seed-filling period would result in full-
maturity cultivars yielding less than mid-maturity cultivars. In northern, IL, when mean 
daily air temperatures were warm during the seed-filling period, the full-maturity cultivar 
class (3.1 to 3.5) produced 232 and 167 kg ha-1 more grain than the 2.3 to 2.6 and 2.7 
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to 3.0 mid-maturity cultivar classes. In northern, IL, full- and mid-maturity cultivars 
generally had similar yields when air temperatures were cool during the seed-filling 
period. In central, IL, the 3.5 to 3.8 mid-maturity cultivar class produced 59 kg ha-1 more 
grain on average, than the 3.9 to 4.4 full-maturity cultivar class, and warm or cool air 
temperatures during the seed-filling period changed that very little. In northern, IL, full-
maturity cultivars may have higher yield potentials than mid-maturity cultivars, but that 
yield potential may only materialize if air temperatures during the seed-filling period are 
warmer than normal.    
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CHAPTER 1: EARLY PLANTING, FULL-SEASON CULTIVARS, AND 
SEED TREATMENTS MAXIMIZE SOYBEAN YIELD POTENTIAL1 
 
1.1 ABSTRACT 
 
Recent findings in the Midwestern United States have shown that planting 
soybean [Glycine max (L.) Merr.] by early May often increases yield compared to 
planting in mid- to late May. These findings have encouraged earlier planting, but raise 
questions about how planting date might interact with other management factors. In 58 
on-farm trials in Illinois and Indiana in 2011 and 2012, we found that seed treatment 
(fungicide + insecticide + rhizobia inoculant) increased plant stand by 4,200 plants per 
acre, with greater effects from early planting than with later planting. Seed treatment 
also increased yield, by an average of 1.2 bu/acre, but did not interact with planting date 
or maturity. Planting in late April increased yield only slightly (0.9 bu/acre) compared to 
planting in mid- to late May, and full-season cultivars yielded 3.8 bu/acre more than 
short-season cultivars. Full-season cultivars yielded 5.5 bu/acre more than short-season 
cultivars with early planting, but only 2 bu/acre more planted later. Yield of full-season 
cultivars dropped by 2.7 bu/acre from early to normal planting, but those of short-
season cultivars remained unchanged. Although seed treatments may improve stands 
more with early planting, stands were adequate regardless of planting date or seed 
treatment, and the decision to use seed treatment can be made independently of 
1This chapter appeared in its entirety in Crop, Forage and Turfgrass Management at 
this doi: 10.2134/cftm2015.0166. Vossenkemper, J.P., E.D. Nafziger, J.R. Wessel, 
M.W. Maughan, M.E. Rupert, and J.P. Smith. 2015. Early Planting, Full-Season 
Cultivars, and Seed Treatments Maximize Soybean Yield Potential.  
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cultivar or planting date. These results show that planting full-season cultivars before 
short-season ones, and perhaps choosing slightly fuller-season cultivars in general, 
may improve soybean yields. 
 
1.2 INTRODUCTION  
Within the last decade university researchers in the Midwestern United States 
soybean production regions have updated their soybean planting date 
recommendations (Bastidas et al., 2008; De Bruin and Pedersen, 2008; Robinson et al., 
2009; Vonk, 2013). These recommendations now suggest soybean yield reaches a 
maximum when planting takes place in late April to early May. These recommendations 
are updates because prior experiments conducted in the midwest from the 1960’s to the 
early 2000’s either did not test April and early May planting dates, or found no clear 
yield advantage to planting dates earlier than mid- to late May (Egli and Cornelius, 
2009). To gain a clearer understanding of why the optimum planting date is earlier now, 
Rowntree et al. (2013) tested the hypotheses that newly released cultivars produce 
more grain when planted in early May as opposed to early June when compared to 
cultivars released across the eight previous decades. The results from Roundtree et al. 
(2013) confirmed this hypothesis, finding that roughly 80 years of genetic improvement 
has nearly doubled the effect planting date has had on soybean grain yields within 
maturity group III cultivars (Rowntree et al., 2013). 
 The general consensus that soybean produce maximum yield when planted in 
late April to early May, and the affirmation that genetic improvement has enhanced 
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soybean’s response to planting date suggests early planting is a management strategy 
that often will increase soybean yield in the soybean growing regions of the midwest.  
Although the potential for increased profitability from earlier spring planting exists, it is 
unknown how some common management decisions may influence soybeans response 
to planting date, particularly at earlier planting dates, that are now recommended. Some 
of the recent experiments used to support earlier soybean planting have had multiple 
objectives, focusing not only on planting date’s general effect on soybean yield, but 
investigating the interaction between planting date and seeding rate (De Bruin and 
Pedersen, 2008), or planting date, seeding rate, and row spacing’s effect on soybean 
yield (Vonk, 2013). However, published literature investigating planting date and cultivar 
maturity selection effects on soybean yield is scant, and the few recent reports that do 
exist have a small inference space, encompassing few cultivars and locations over just 
two years ( Setiyono et al., 2007; Robinson et al., 2009).  
One physiological mechanism that is commonly associated with greater soybean 
grain yield is extending all or parts of the reproductive growth duration. Crop scientists, 
soybean breeders and molecular biologists have independently demonstrated that when 
the duration of reproductive growth increases grain yields also increase (Kantolic and 
Slafer, 2005; Bastidas et al., 2008; Kantolic and Slafer, 2007; Preuss et al., 2012; 
Rincker et al., 2014; Rowntree et al., 2014). One of the few recently published reports 
investigating cultivar maturity’s effect on soybean grain yields at different planting dates 
suggest early planting coupled with full-season cultivars maximizes the duration of the 
critical seed-filling period (R5-R7) (Robinson et al., 2009). When averaged over the two 
site-years in Robinson et al. (2009), the difference in the critical seed-filling period 
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between the fullest and the shortest-season cultivars tested diminished as planting was 
delayed. At the mid-April planting date, the seed-filling period for the fullest-season 
cultivar was 12% longer than for the shortest-season cultivar, but by the early June 
planting date the difference in the seed-filling period between these two groups was less 
than 5%. In the 2007 growing season of Robinson et al. (2009) grain yields tended to 
follow the observed pattern in the seed-filling period, with the fullest-season cultivar 
producing greater yields at the late March and mid-April planting dates relative to the 
mid and short-season cultivars. At the late April through early June planting dates 
however, cultivars differing in maturity had similar yields. In the 2006 growing season all 
cultivars differing in maturity had similar yields regardless of planting date.  
Besides cultivar maturity selection, seed treatments are another common 
management decision growers must consider. Since 1994 the percent of soybean seed 
treated with either a fungicide or a fungicide plus an insecticide seed treatment has 
risen from 8% (Munkvold, 2009) to greater than 70% in some regions (DuPont Pioneer 
sales representative, personal communications, 2015). During this period there has 
been a myriad of research investigating the ability of seed treatments to protect 
soybean stands, increase soybean yield and grower profitability (Poag et al., 2005; 
Bradley, 2008; Schulz and Thelen, 2008; Dorrance et al., 2009; Esker and Conley, 
2012; Cox and Cherney, 2014; Gaspar et al., 2014). The overwhelming conclusion from 
this body of research is that the ability of seed treatments to provide these services are 
environment (year/location) (Bradley, 2008; Schulz and Thelen, 2008; Cox and 
Cherney, 2014; Gaspar et al., 2014) and cultivar dependent (Dorrance et al., 2009; 
Esker and Conley, 2012). Environments where seed treatments tend to protect soybean 
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stands and increase yield more consistently appears to be when soybeans are planted 
into cold wet soils, or when a significant rain event occurs shortly after planting (Bradley, 
2008; Schulz and Thelen, 2008; Dorrance et al., 2009). 
Given the evidence that full-season cultivars have a longer seed-filling period 
relative to mid and short-season cultivars at early planting dates, and that seed 
treatments appear to be most effective at protecting soybean stands and increasing 
yield when planted in cold wet soil conditions (i.e. planted early), we hypothesize that 
adopting a management system that combines the use of seed treatments with a full-
season cultivar and an early planting date will result in maximum soybean yield. With 
later planting dates however, the difference in the seed-filling period between cultivars 
differing in maturity appears to become more similar, and seed treatments may not be 
effective at protecting stands or increasing yields because the soil environment is less 
favorable for soil borne diseases. Therefore, cultivar maturity selection and seed 
treatments may not be important management decisions for maximizing soybean yields 
at delayed planting dates. Our objectives were to quantify the effects of cultivar maturity 
and seed treatments (fungicide + insecticide + rhizobia inoculant) on soybean grain 
yields and early season stand establishment at early and normal planting dates using 
on-farm strip trials distributed throughout the soybean growing regions of Illinois and 
Indiana. 
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1.3 MATERIALS AND METHODS     
In the growing seasons of 2011 and 2012, 20 and 38 on-farm strip trials were 
conducted throughout Illinois and Indiana. These strip trials were a collaborative project 
between DuPont Pioneer technical field personnel, DuPont Pioneer independent sales 
representatives, and volunteer grower participants. DuPont Pioneer provided the seed 
and protocol for the field experiments, and volunteer grower participants implemented 
the experiments with guidance from DuPont Pioneer representatives. The experimental 
design at each location was a randomized complete block in a split-plot arrangement. 
The whole-plots were two planting dates and sub-plots were a full and short-season 
cultivar with and without seed treatments, for a total of eight treatments per location.  
Grower participants were asked to plant the first planting date in the last half of 
April and the second planting date about 30 days later, targeting the last half of May. 
From this point forward, the first and second planting dates will be referred to as the 
“early” and “normal” planting dates. The full and short-season cultivars used at each 
location were relative to the latitude of the experiment. Some of the common cultivar 
combinations representing the full and short-season cultivars in the northern, central, 
and southern regions, respectively, of these states were 92Y51 and 93Y40, 92Y80 and 
93Y82, and 93Y40 and 94Y01, although other cultivar combinations were used. Each 
location followed one or several years of corn, and almost all locations had a recent 
history of soybean in the rotation. The seed treatments used in this study were applied 
at DuPont Pioneer production facilities and consisted of Trilex (trifloxystrobin) at 0.32 fl 
oz/100 lb seed, Allegiance (metalaxyl) at 0.75 fl oz/100 lb seed, Gaucho (imidacloprid) 
at 1.6 fl oz/100 lb seed and Optmize 400 (lipo-chitooligosaccharide promoter + 
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Bradyrhizobium japonicum) at 2.8 fl oz/100 lb seed. In 2012 DuPont Pioneer changed 
their seed treatment formulation and Optmize 400 was replaced with PPST 120 + 
(Bradyrhizobium japonicum) and PPST 2030 (Bacilli biological growth promoter). PPST 
120 + and PPST 2030 were applied to the seed at 2.25 and 2.0 fl oz/100 lb seed.  
The experimental unit dimensions varied by location in accordance with grower 
equipment, although a common approach was to complete one or two passes across an 
entire field with a commercial planter, which equated to one experimental unit. In 
addition, grower participants were asked to keep the experimental unit lengths greater 
than 300 ft and to report their seeding rates verified via the read out on their planting 
monitor. Between V2 and R1, DuPont Pioneer technical field personnel recorded the 
number of plants in 10 ft of row in three random spots within each treatment. 
Treatments were harvested with commercial combines, and either the entire treatment 
was harvested or a single combine header’s width from the center of each treatment 
was harvested. Treatments were weighed with grain carts or seed tenders equipped 
with digital scales. Samples of each treatment were collected and tested for moisture 
with portable moisture meters, so that grain yields could be adjusted to a standard 
moisture of 13%. 
 Data were analyzed using a mixed statistical model analysis of variance in 
SAS via the PROC MIXED statement (SAS Institute, 2014). The dependent variables 
were early season stands and grain yield. The fixed effect class variables were planting 
date, cultivar maturity and seed treatment. The random class variables were year, 
replicates nested within year, and planting date by replicates nested within year to form 
the split-plot error term. Because the treatments were not replicated at an individual 
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location, a combined analysis was performed using locations as replicates. Tillage 
(some tillage or no-tillage into standing corn residue), seeding rate, and the Palmer 
Drought Severity Index (PDSI) were collected at each location for inclusion in the model 
as possible covariates. After model simplification using the Bayesian information criteria 
seeding rate was found to be a significant covariate (P <0.001) and left in the model for 
the dependent variable early season stands. For the dependent variable grain yield, 
PDSI (P <0.001), PDSI by planting date (P = 0.036), PDSI by cultivar maturity (P = 
0.010) and tillage by seed treatment (P = 0.024) were found to be significant covariates 
and left in the model. For further exploration of the interaction between early season 
stands and seed treatment, planting date was treated as a continuous predictor variable 
and early season stands were regressed against planting dates. An alpha level of P 
<0.10 was used for determining statistical significance of the model main effects, 
interaction effects and for separating means. Means separations were performed using 
the PDIFF statement is SAS.   
 
1.4 RESULTS AND DISCUSSION  
Weather 
Because detailed meteorological information was not collected at each location 
the PDSI was used to estimate the effects of weather. In brief, the PDSI is a water 
balance model that uses monthly temperature and precipitation averages plus potential 
soil water holding capacity to compute abnormally wet or dry conditions when compared 
to historical norms for a given location (Alley, 1984). The 7 PDSI rankings are as 
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follows: extremely dry, severely dry, moderately dry, near normal, moderately wet, very 
wet, and extremely wet. Because PDSI rankings are heavily weighted on the previous 
months PDSI rankings it is a good predictor of seasonal trends and potential soil 
moisture supply when new predictions are made (Mika et al., 2005). In a general sense, 
the growing season of 2011 was characterized by near normal temperatures and a 
wetter than normal April, May and June; followed by a dry late summer and early fall. 
During the 2012 growing season the southern two thirds of Illinois and Indiana 
experienced a significant drought and well-above normal temperatures throughout the 
majority of the growing season. These conditions lasted until August when near normal 
temperatures and precipitation returned to the majority of the two-state region.  
Figures 1.1 and 1.2 show the geographic distribution of the PDSI ranking predictions 
made in the last week of August for the 2011 and 2012 growing seasons, as well as the 
geographic positions of each field location. These figures were created in ArcMap 
(Environmental Systems Resources Institute, 2013) by obtaining rasterized PDSI 
rankings from the United States Forest Service (Raymond, 2012). Despite the 
significant drought in 2012, the locations were well distributed across PDSI rankings. Of 
the combined 58 locations in 2011 and 2012, 39 were classified as moderately dry to 
moderately wet, 18 as severely dry or very dry and 1 as very wet according to the PDSI 
rankings. While on average the locations (replications) experienced slightly dryer than 
normal conditions nearly 70% were between the moderately dry to moderately wet PDSI 
rankings. 
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Treatment Effects on Grain Yields       
 Across years and locations the median early and normal planting dates occurred 
on 22-April and 18-May, however these ranged from 11-April to 14-May and from 6-May 
to 3-June. At individual locations the planting dates differed from as few as 6 days to as 
many as 44, although the most frequent number of days between planting dates was 21 
(Figure 1.3). Across locations and years the minimum and maximum observed yields 
were 17 and 97 bu/acre. The lowest yielding location averaged 25 bu/acre and was 
located in west central, Illinois in 2012. This location normally receives 14.5 inches of 
rain from May through August, but only received 3.5 inches during this same period in 
2012. The highest yielding location occurred in 2011 in north central, Illinois. Average 
yield here was 89 bu/acre and was classified as moderately wet, according to the PDSI 
rankings.    
In this study the main effect of cultivar maturity and seed treatments had a 
significant effect on grain yield, however planting date did not. Full-season cultivars and 
seed treatments increased grain yield 3.8 and 1.2 bu/acre, respectively, relative to 
short-season cultivars and non-treated seed (Table 1.1). In addition there was a highly 
significant cultivar maturity by planting date interaction, however there was not a 
planting date by seed treatment interaction or 3-way interaction between these factors. 
Full-season cultivars were responsive to planting date, producing 2.7 bu/acre more 
grain for the early planting date when compared to the normal planting date. Short-
season cultivars had similar yield irrespective of planting date (Figure 1.4). At both the 
early and normal planting date full-season cultivars produced more grain than short-
season cultivars, although the difference in yield between full and short-season cultivars 
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for the normal planting date was only 2 bu/acre compared to 5.5 bu/acre for the early 
planting date. 
Our hypothesis was that seed treatments and full-season cultivars would be 
required for maximum yields for early planting dates, and that these factors may not be 
important to yield determination at delayed planting dates. The finding that full-season 
cultivars and seed treatments increased soybean yields at the early planting date 
agrees with our hypothesis. However these factors were also important to yield for the 
normal planting date. The fact that greater yield was observed for full-season cultivars 
at both the early and normal planting date is not completely unexpected given that 
Setinyono et al. (2007) and Robinson et al. (2009) found full-season cultivars grew 
longer reproductively (R1-R7) than short-season ones from planting dates as early as 
27-March to as late as 7-June. In our study we observed that short-season cultivars had 
similar yields at both the early and normal planting dates. In Robinson et al. (2009) the 
shortest-season cultivar tested spent a similar amount of time in the seed-filling period 
irrespective of planting date, and may help explain our observations.  
 
Treatment Effects on Early Season Stands 
The average seeding rate selected by growers was 160,100 seeds per acre, 
ranging from 110,000 to 256,000 seeds per acre. Growers using 30- and 15-inch row 
planters, respectively, planted 152,800 and 158,820 seeds per acre, whereas growers 
using grain drills (10- to 7-inch rows) planted 197,900 seeds per acre. In this study 
planting date and seed treatments had a significant effect on the early season stands, 
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however cultivar maturity did not affect early season stands (Table 1.1). Averaged 
across these 58 locations, the early and normal planting dates resulted in early season 
stands of 122,400 and 127,800 plants per acre; suggesting that at the average grower 
selected seeding rate (160,100 seed per acre), 37,700 and 32,300 seeds per acre failed 
to produce plants by mid-vegetative growth stages at the early and normal planting 
date. Seed treatments increased early season stands by 4,200 plants per acre when 
compared to non-treated seed. In addition to a significant main effect of planting date 
and seed treatment there was a significant planting date by seed treatment interaction. 
To further explore this interaction early season stands were regressed against each 
planting date observation with and without seed treatments. The results revealed that 
seed treatments are more likely to significantly increase early season stands at planting 
dates prior to 10-May (Figure 1.5). Moreover, the difference in the early season stands 
between treated and non-treated seed increased from 3,580 to 8,685 plants per acre 
between the 10-May and 10-April planting dates.         
We hypothesized that seed treatments would be more effective at protecting 
plant stands at early planting dates when compared to normal planting dates, and our 
results support this hypothesis. Despite the fact that seed treatments did protect early 
season plant stands more at early planting dates relative to normal planting dates, seed 
treatments increased yields irrespective of planting date. Moreover, when seed 
treatments increased early season stands, there was not a corresponding increase in 
grain yield (results not shown). Therefore, we can conclude that stand protection is not 
the primary mechanism by which seed treatments often increase soybean yields. De 
Bruin and Pedersen (2008) found that on average 99,162 plants per acre at harvest 
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often produces 95% of maximum yield, and that this harvest stand could be achieved by 
planting 112,325 seeds per acre. In our study, growers seeded on average 160,100 
seeds per acre and our early season stands were 117,910 plants per acre with non-
treated seed and at mid-April planting dates, indicating that even under conditions 
where we would expect considerable stand loss, growers were planting more than 
enough seeds to produce close to maximum yields.  
 
1.5 CONCLUSION   
This study indicates that full-season cultivars achieve maximum yield potential 
when planted in late-April to early-May, and that full-season cultivars in general may 
yield more than short season cultivars at planting dates through at least mid-May. This 
finding, and that fact that short-season cultivars had no yield penalty for delayed 
planting in this study suggest full-season cultivars should be planted before short-
season ones, although this does tend to go against the strategy of using different 
maturities to spread harvest out over time. Sound management however, would not 
include planting excessively long-maturing cultivars relative to the latitude of production 
(i.e. not adapted for the area). The cultivars used in this study were well adapted full-
season cultivars, meaning they had been thoroughly tested by DuPont Pioneer to be 
sold and grown on many commercial acres in these regions.  
The combination of seed treatments used in this study (fungicide + insecticide + 
rhizobia inoculant) are likely to increase grain yields, and the decision to use seed 
treatments can be made independent of planting date or cultivar maturity. For planting 
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dates in April and early May, seed treatments are also likely to increase early season 
plant stands, however the grower selected seeding rates (160,100 plants per acre on 
average) used in this study resulted in a sufficient number of plants to produce close to 
maximum yields without the need for added stand protection from seed treatments.  
This study adds significantly to our current understanding of planting date and 
cultivar maturities effect on determining soybean grain yield, however, the physiological 
mechanisms associated with the increased yields observed with full-season cultivars 
and the lack of response to planting date for short-season cultivars are still not clear. 
Because only full and short-season cultivars were used in this study we do not know if 
full-season cultivars are more responsive to early planting dates than mid-maturity 
cultivars, and is also unclear at what point shorter-season cultivars do not respond to 
early planting. Future studies using a comprehensive range in cultivar maturities are 
thus needed to resolve these questions. 
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1.7 TABLE AND FIGURES 
Table 1.1. Type 3 analysis of variance and the effect of early and normal planting, full 
or short-season cultivars, and treated or non-treated seed on soybean grain yield and 
early season stands at 58 on-farm locations distributed throughout Illinois and Indiana 
in the growing season of 2011 and 2012. 
Main Effects 
Grain Yield 
(bu/ac
-1
) 
F Value Pr > F 
Early Season Stand  
(plants acre x1000) 
F Value Pr > F 
Planting Date (PD) 
   
  
 
Early 61.6 
2.6 0.114 
122.4 
4.2 0.043 
Normal 60.7 127.8 
Cultivar Maturity  
(CM)       
Full-season 63.1 
37.0 <0.001 
124.3 
2.5 0.108 
Short-season  59.3 125.9 
Seed Treatment 
(ST)       
Treated  61.8 
6.14 0.013 
127.2 
16.4 <0.001 
Non-Treated  60.6 123.0 
ANOVA 
      
PD x CM 
 
23.4 <0.001 
 
1.1 0.286 
PD x ST 
 
0.07 0.793 
 
6.6 0.010 
PD x ST x CM   0.2 0.886   0.2 0.599 
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Figure 1.1. The geographic distribution of the Palmer 
Drought Severity Index (PDSI) ranking predictions made in 
the last week of August for the 2011 growing season. The 
black triangles represent the geographic position of each 
location.  
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Figure 1.2. The geographic distribution of the Palmer 
Drought Severity Index (PDSI) ranking predictions made in 
the last week of August for the 2012 growing season. The 
black stars represent the geographic position of each 
location. 
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Figure 1.3. Distribution of the early and normal planting dates as a percent of the 
58 locations in the growing seasons of 2011 and 2012. 
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Figure 1.4. The effect of full and short-season cultivars on soybean grain 
yield at an early and normal planting date at 58 on-farm locations 
distributed throughout Illinois and Indiana in the growing season of 2011 
and 2012. Vertical bars with the same letters are not significantly different 
at an alpha level of P <0.10. Error bars represent the 90% confidence 
intervals. 
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Figure 1.5. Early season stand (V2 to R1) for treated or non-treated seed 
regressed against planting dates (early season stand by seed treatment Pr > F 
0.084) from 11-April to 3-June at 58 on-farm locations distributed throughout 
Illinois and Indiana in the growing season of 2011 and 2012. Early season 
stands between treated and non-treated seed left (10-May or earlier planting 
dates) of the vertical red line are different at an alpha level of P <0.10. 
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CHAPTER 2: EARLY PLANTING AND FULL MATURITY CULTIVARS 
EXTEND THE SEED-FILLING PERIOD: STILL SEASON LENGTH 
LIMITS SOYBEAN YIELDS 
2.1 ABSTRACT 
Planting date and cultivar maturity selection are important for optimizing soybean 
[Glycine max (L.) Merr.] yield, but it is unclear how these factors interact to affect the 
duration of the reproductive period, yield and yield components. We examined this 
interaction at 12 site-years in Iowa and Illinois by planting a set of cultivars with a 
relative maturity group (MG) rating that ranged from one full MG unit less than to one 
full MG unit greater than mid-maturity check cultivars at an early (early May) and late 
(early-June) planting date. Among the pod and seed initiation period (PSIP; R1-R5), 
seed-filling period (SFP; R5-R7) and total reproductive period (TRP; R1-R7), the SFP 
was the reproductive period most strongly correlated to yield. Expressing the seed-filling 
period duration as accumulated minimum daily air temperatures showed the highest 
linear correlation to yield (r = 0.77). Across all cultivars, planting early produced 437 kg 
ha-1 more yield than planting late, but this difference was 310 kg ha-1 more for cultivars 
that were 0.5 relative maturity units earlier than the mid-maturity check cultivars, and 
608 kg ha-1 for cultivars that were 0.5 maturity units later than mid-maturity checks. Near 
maximum yields (within 67 kg ha-1 of maximum yield) with early planting came from 
using cultivars that ranged from the mid-maturity check cultivars to cultivars that were  
0.8 MG units later than the mid-maturity check cultivars. For the late planting date, 
maximum yields came from cultivars that ranged from 0.5 MG units on both sides of the 
mid-maturity checks cultivars. For the early planting date, the latest-maturing cultivars 
did not yield more than the mid-maturity check cultivars, despite accumulating 32 MJ  
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m–2 more ISRAD over a 4.6-day longer SFP.  A lower seed-filling rate (SFR), perhaps 
related to lower late-season night temperatures meant that the longer SFP did not result 
in higher yields. Planting fuller- maturity cultivars early extends the SFP, but avoids 
positioning the SPF into environments that will not sustain productive SFRs. At late 
planting dates cultivar MG has a small effect on the SFP duration, and planting fuller 
maturity cultivars late risks positioning the SFP into environments that may significantly 
reduce SFRs and yield. 
 
2.2 INTRODUCTION 
Historically, planting soybean in early May compared to late May in the 
midwestern United States was found not to contribute to soybean [Glycine max (L.) 
Merr.] yield (Egli and Cornelius, 2009). However, decades of genetic improvement 
(Rowntree et al., 2013) concurrent with more recent crop management research has 
resulted in a clear consensus that soybean yield potential is increased when the crop is 
planted in late April and early May (Bastidas et al., 2008; De Bruin and Pedersen, 2008; 
Robinson et al., 2009; Vonk, 2013). In one study in northern and central Illinois, yield 
losses accelerated as planting was delayed, from 10.9 kg ha -1 d-1 in late April to 32.1 kg 
ha-1 d-1 when planting was delayed into the second week of June (Vonk, 2013). 
Similarly, research in Iowa showed yield losses of 10 and 57.7 kg ha-1 d-1 for planting 
dates in late April and early June (De Bruin and Pedersen, 2008). In a Nebraska study, 
yields decreased linearly as planting was delayed past 1-May, by 17 and 43 kg ha-1 d-1 
in 2003 and 2004, respectively (Bastidas et al., 2008).   
 26 
 
Along with relatively early planting, selecting cultivars that have a relative 
maturity suitable to the latitude of production and growing season is also important to 
producing maximum soybean yields (Zhang et al., 2007; Furseth et al., 2011) In 
northern Illinois, late maturity group (MG) II and early MG III cultivars are considered 
well-adapted, mid-maturity cultivars. This means the length of the dark period is 
adequate to initiate flowering early enough in the growing season that solar radiation 
exposure will be sufficient for high yields, yet physiological maturity will occur prior to 
temperatures falling below the photosynthetic optimum. At the same latitude however, a 
MG I cultivar may reach critical reproductive growth periods at lower leaf area than do 
later-maturing cultivars, and may mature before the end of favorable seed-filling 
conditions. Late-maturing cultivars relative to their zone of adaption, however, initiate 
reproductive growth later, leading to less available solar radiation for reproductive 
growth, and the seed-filing period may be position into an environment with 
temperatures that are below the optimum for photosynthesis and seed growth. Either 
scenario results in less- efficient use of thermal time, solar radiation and water. Thus in 
the absence of mitigating factors such as rainfall and temperature distribution, both full-
season and short-season cultivars relative to the latitude of production use available 
resources less efficiently, and often yield less, than well-adapted, mid-maturity cultivars 
(Zhang et al., 2007; Furseth et al., 2011).  
Complex environmental, genetic, and management factors interact to determine 
soybean grain yield. Therefore, one or even a combination of several of these factors 
cannot often explain a great proportion of soybean yield (Morrison et al., 1999; Jian et 
al., 2010; Rowntree et al., 2014). The seed-filling period (SFP, R5-R7), defined as the 
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duration of dry matter accumulation in soybean seeds (Egli, 2004) is one factor, 
however, that does commonly have a positive association with soybean yield (Dunphy 
et al., 1979; Smith and Nelson, 1986; Egli, 2004; Rowntree et al., 2014; Van Roekel et 
al., 2015).  
This was recognized in the 1970s by Dunphy et al (1979) who showed that 
across 10 environments and 119 cultivars the SFP explained as much as 51% of the 
variation in soybean yield. Soybean breeders and crop physiologists have even 
suggested the SFP could be used as a direct selection criterion for identifying high 
yielding elite cultivars (Egli et al., 1984; Metz et al., 1985; Smith and Nelson, 1986). 
Selection based on the SFP has, however, proven to have low heritability estimates and 
significant cultivar by environment interactions (Pfeiffer et al., 1991), and thus has not 
been more effective than selecting for grain yield (Salado-Navarro et al., 1985). Even 
though the SFP has not been widely adopted as a direct selection criterion by breeders, 
several studies have shown that by continual selecting for higher yields the SFP has 
been lengthened (Gay et al., 1980; McBlain and Hume, 1980; Boerma and Ashley, 
1988; Rowntree et al., 2014).  
Applying nitrogen fertilizer or inoculating soybean with Bradyrhizobium japonicum 
has been shown to increase the SFP length and yields, compared to non-nodulating 
control cultivars (Thies et al., 1995). In addition, studies show that removing limitations 
in water supplies has also results in a longer SFP and higher yields (Cure et al., 1983; 
Meckel et al., 1984; De Souza et al., 1997). While earlier planting often increases 
soybean yields, it is not clear that this practice routinely results in a longer SFP. 
Rowntree et al (2014) found that planting in early May as opposed to early June 
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increased the total reproductive phase (R1-R7) by approximately 6 days for both MG II 
and MG III cultivars. In the same study though, the SFP did not change (Rowntree et 
al., 2014). This would suggest that the only reproductive period lengthened was the pod 
and seed initiation period (R1-R5). In a Nebraska study, Bastidas et al. (2008) found 
that planting in late April vs. mid-June increased the pod and seed initiation period by 
9.5 days, but increased the SFP by only 2 days, averaged over 14 cultivars in a two-
year study. Similarly, Egli et al (1987) concluded that yield losses from delayed planting 
were not due to a shortening of the SFP, but rather to a reduction in the pod and seed 
initiation period length, and the fact that the SFP was delayed such that low 
temperatures resulted in lower seed weight.  
When grown in proximity, later-maturing soybean cultivars commonly grow 
longer vegetatively and reach anthesis later than earlier-maturing cultivars (Egli, 1994). 
The specific impacts that cultivar maturity has on the duration of the reproductive 
periods is less certain, however. In Kentucky, the pod and seed initiation period 
increased linearly from 20 to 33 days for MG 0 through MG IV cultivars, but cultivar 
maturity had no effect on SFP (Egli, 1994). Kane and Grabau (1992) at a similar latitude 
however, found that the vegetative (VE-R1), pod and seed initiation period, and the SFP 
increased by 12, 10, and 6 days from MG I to IV cultivars, across six environments over 
four years. 
There are few published reports on the effect that both cultivar maturity and 
planting date have on the duration of reproductive periods. Work done in Indiana 
showed little to no change in the SFP for a cultivar that was 0.6 relative maturity units 
earlier than the cultivars (MG 3.2) most commonly used in the region, across planting 
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dates ranging from late March to early June (Robinson et al., 2009). In this same study, 
a cultivar that was 0.5 relative maturity units later than the commonly-grown cultivars for 
the region showed a 4.5-d reduction in SFP when planting was delayed from mid-April 
to early June (Robinson et al., 2009). Given that the SFP duration and grain yields are 
often related (Dunphy et al., 1979; Smith and Nelson, 1986; Egli, 2004; Rowntree et al., 
2014; Van Roekel et al., 2015) these findings would tend to support the observations 
made in a recent on-farm study in which the yield of short-maturity cultivars was not 
reduced by delayed planting, but the yield of later-maturing cultivars fell 4.2% as 
planting was delayed from late April to mid- to late May (Vossenkemper et al., 2015).  
While the findings of Vossenkemper et al. (2015) support the idea that later-
maturing cultivars may often yield more than early-maturing ones, particularly at early 
planting dates, an extensive study conducted across the mid-south showed a 
substantial yield increase from planting early (late March to early April) compared to 
planting late (late May or early June), and this increase was consistent across cultivar 
maturities ranging from mid-MG III to mid-MG VI (Salmerón et al., 2014). However, 
neither Vossenkemper et al. (2015) nor Salmerón et al (2014) reported data on 
reproductive period durations.  
While duration of the reproductive periods is an important factor in determining 
yield, a considerable amount of uncertainty still exists regarding how planting date and 
cultivar MG interact to dictate the reproductive period durations, particularly the critical 
SFP. Our objectives were to (i) add to the current understanding of how planting date 
and cultivar MG interact to effect the duration of the soybean reproductive periods 
expressed as accumulated days, thermal time and as solar radiation. (ii) Correlate these 
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reproductive periods to grain yield, seed number, and seed weight; and to (iii) test the 
hypothesis that early planting would shift the range in MG that produced close to 
maximum yields toward fuller maturity cultivars when compared to the same range in 
MG planted at a late planting date. 
 
 
2.3 MATERIALS AND METHODS 
 
Site Information and Cultural Practices 
 
Field experiments were conducted over three seasons - 2012, 2013, and 2014- 
at DuPont Pioneer and University of Illinois research facilities. In 2012 there were three 
locations: one at the Champaign and Princeton, IL DuPont Pioneer research facilities, 
and one at the University of Illinois Northern Illinois Agronomy Research Center near 
DeKalb. In 2013 a fourth site was added at a DuPont Pioneer research facility near 
Johnston, IA, and in 2014 a fifth site was added at the University of Illinois Crop 
Sciences Research and Education Center at Urbana, for a total of 12 site-years. The 
soils at each of the sites are highly productive Mollisols, with textures typical of Iowa 
and the northern two thirds of Illinois where these experiments were conducted. Further 
details regarding site information can be found in Table 2.1.  
The previous crop was corn in each case, and fall primary tillage was followed by 
spring field cultivation prior to planting at most sites. Plots were planted in 76-cm rows 
and seeded at rates between 345,800 and 419,900 seeds ha-1. The intended early and 
late planting dates were the last week in April and the last week in May, respectively; 
actual planting dates at each site are listed in Table 2.1. Seeds were treated with 
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EverGol Energy (prothioconazole, penflufen, and metalaxyl), Allegiance FL (metalaxyl), 
Gaucho 600 (imidacloprid), and PPST 2030 (Bacillus pubtilis and Bacillus purmilis 
growth promoters). At the three site-years in 2012, Trilex 2000 (trifloxystrobin and 
metalaxyl) was used in place of EverGol Energy.  
Trials were managed to be weed free using herbicides and hand-weeding as 
needed. Treatment for in-season diseases or insect pests were rarely required, and if 
needed were done using standard pesticides. Plots were 3 m (four 76 cm rows) wide, 
and ranged in length from 4 to 6.4 m depending on the site. After 95% of the pods 
reached their mature brown color (R8) the center two rows of each plot were harvested 
with small plot combines capable of recording both grain weight and moisture. Seven 
hundred seeds were counted out from harvested grain and weighed to determine seed 
weight. Grain yield and seed weight were corrected to 130 g kg-1 of seed moisture. 
Seed yield and weight were used to calculate seed number expressed as seeds m-2. 
The seed-filling rate (SFR) per day was calculated by dividing the number of days from 
the start (R5) to the end (R7) of the SFP by the grain yield.     
The cultivars used in these experiments were recently developed by DuPont 
Pioneer and are widely grown commercially. At the Princeton, DeKalb, and Johnston 
sites, the mid-maturity adapted cultivar was set at MG 2.7, and at the Champaign and 
Urbana sites, the mid-maturity adapted cultivar was set at MG 3.6; at all sites, cultivar 
maturity ranged from about one MG unit earlier to one MG unit later than the mid-
maturity adapted cultivars (Table 2.2). 
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Phenology Measurements 
 
    
Detailed phenological measurements described by Fehr et al. (1971) were 
recorded at five of the 12 site-years. These five site-years included Champaign and 
DeKalb in 2013, and Urbana, Champaign, and Princeton in 2014. At each of these five 
site-years, reproductive growth stages were recorded from R1 to R7 every three days. 
Ten randomly selected plants from the two outside border rows of each experimental 
unit were staged, with the next stage identified once more than half of the sampled 
plants had reached the preceding reproductive growth stage.  
The duration of the total reproductive period (TRP, R1-R7), pod and seed 
initiation period (PSIP, R1-R5), and the seed filling period (SFP, R5-R7) was expressed 
as days, accumulated thermal time, and accumulated solar radiation. Thermal time was 
expressed in three ways, as the accumulated daily maximum temperature (ADTmax), 
accumulated daily minimum temperature (ADTmin), and accumulated daily modified 
growing degree days (MGDD), between the beginning and end of the TRP, PSIP, and 
the SFP. The temperature base and maximum used to calculate the MGDD were 6 and 
30°C (Stewart et al., 2003). Solar radiation was expressed as the accumulated daily 
total incoming solar radiation (ISRAD) in MJ m–2 between the beginning and end of the 
TRP, PSIP, and the SFP. Daily metrological data that included the temperature 
minimum and maximum, precipitation and incoming solar radiation were obtained from 
automated weather stations operated by the Illinois Climate Network (ICN) (Angel, 
2015) or the Iowa Environmental Mesonet (Iowa State University of Science and 
Technology, 2016). These weather stations were located < 10 km from the experimental 
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sites, with the exception of the Princeton site, which is 52 km from the closest ICN 
weather station.  
 
Experimental Design and Statistical Analysis      
At each site-year early and late planting dates were planted adjacent to one 
another, not replicated, but the analysis was performed across site-years, with each 
site-year treated as a random block. The experimental design was a split-plot, with 
planting date treated as the main plots and cultivars (differing in relative maturity) as 
sub-plots, replicated 4 to 6 times within each planting date.  
The PROC MIXED procedure was used in SAS (SAS Institute, 2012), with 
planting date treated as a fixed effect class variable and cultivar maturity as a fixed 
effect continuous predictor variable. The model main effects included planting date, a 
linear and quadratic component for the cultivar relative MG term and the interaction 
between planting date and cultivar relative MG for both the linear and quadratic 
components. The random class variables were site-year, replications nested within a 
site-year, and the planting date by site-year (block) interaction was used to form the 
split-plot error term. For the mixed model analysis, SOLUTION and CL statements were 
used to provide parameter estimates for the regression coefficients and their confidence 
intervals. Least squares means were separated between the early and late planting 
date using the DIFF statement at an alpha level of 0.05. When red dotted regions 
appear in subsequent figures along the early and late planting date curves this indicates 
no statistical difference (0.05) for the dependent variables.   
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The PROC CORR procedure in SAS (SAS Institute, 2012) was used to estimate 
simple linear correlation coefficients for reproductive period effects on yield, seed 
number, and seed weight. Simple linear regression via the PROC REG (SAS Institute, 
2012) procedure was used to regress the seed-filling rate (SFR) per day and the mean 
minimum daily air temperature experienced during the SFP against cultivar relative MG. 
Proc NLIN was used to regress accumulated incoming solar radiation (ISRAD) against 
yield using a quadratic plus plateau regression model. An alpha level of 0.05 was used 
to declare statistical significance for the model main and interaction effects, as well as 
the declaration of non-zero slopes for the simple linear regression and the quadratic 
plus plateau model. All confidence intervals used are the 95% confidence intervals.  
 
2.4 RESULTS 
Weather 
 
 
In the growing season of 2012 the Champaign, DeKalb, and Princeton sites 
experienced air temperatures that were 3.3, 3.1, and 3.4 degrees °C warmer than the 
30 yr normal in the month of May, and 3, 2, and 3.4 degrees °C warmer than the 30 yr 
normal in the month of July. In 2013 growing season air temperatures were near normal 
at all sites except for the Johnston site, air temperatures there were 3.6 degrees °C 
warmer in Sept than the 30 yr normal. Contrary to 2012, July growing season air 
temperatures were 2.7 3.2, 2.7, and 3.4 degrees °C cooler than the 30 yr normal at the 
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Champaign, DeKalb, Princeton, and Johnston sites during the 2014 growing season 
(Table 2.3). 
In the growing season of 2012 the Champaign, DeKalb and Princeton sites 
received 59, 87, and 73 less mm of precipitation than the 30 yr normal during the month 
of June, and 93, 49, and 80 mm less precipitation than the 30 yr normal in the month of 
July. In the growing season of 2014 all sites received above normal precipitation in the 
month of June, ranging from 106 to 128 more mm of precipitation than the 30 yr normal 
(Table 2.3). 
At the five sites-years where phenology measurements were taken, monthly 
incoming solar radiation (ISRAD) values were also obtained. In the growing season of 
2013 ISRAD values were near normal, but in the growing season of 2014 the 
Champaign, Princeton, and Urbana locations received 111, 94, and 114 MJ m–2   less 
ISRAD (on an average July day 26 MJ m–2 of ISRAD reaches the earth surface at the 
general latitude of these sites) than the 26 yr normal during August (for the Princeton 
location only 11 yrs’ of ISRAD were available to calculate monthly ISRAD normals). In 
addition to receiving below normal ISRAD in August at the Princeton site in 2014, there 
was also 116 and 83 less MJ m–2 of ISRAD experienced at this site in the months of 
June and July when compared to normal (Table 2.4).  
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Planting Date & Relative Maturities Effect on Yield & Yield Components 
Across all 12 site-years, the average early and late planting dates were 1-May 
and 2-June. Planting early vs late increased yields by 437 kg ha-1 on average, but 
planting date interacted with MG (Table 2.5). For cultivars 0.5 relative maturity units 
earlier than the mid-maturity check cultivars, early planting increased yields by 310 kg 
ha-1, but for those cultivars that were 0.5 relative maturity units later than the mid-
maturity check cultivars, early planting increased yields 608 kg ha-1 more than the late 
planting date (Figure 2.1). This greater yield increase for later- vs. earlier-maturity 
cultivars resulted from the mid- and later-maturity cultivars gaining more yield than 
earlier-maturity cultivars at the early planting date, and to later-maturity cultivars losing 
more yield relative to mid- and earlier-maturity cultivars at the late planting date (Figure 
2.1). 
Like grain yield, early compared to late planting increased seed number by 224 
seeds m-2 on average, but planting date interacted with MG (Table 2.5). The increase in 
seed number from early compared to late planting was 163 seeds m-2 for cultivars that 
were 0.5 relative maturity units earlier than the mid-maturity check cultivars, and 289 
seeds m-2 for those cultivars that were 0.5 maturity units later than the mid-maturity 
check cultivars (Figure 2.1). Seed weight did not interact with planting date and cultivar 
maturity (Table 2.5), but seed weight increased with cultivar maturity by 5.2 mg 100 
seeds-1 per MG unit (Figure 2.1). The correlation between seed weight and yield for the 
early (r = 0.28, P < 0.0001) and late (r = 0.11, P < 0.0537) planting date was relatively 
low compared to that between seed number and yield at the early (r = 0.70, P < 0.0001) 
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and late (r = 0.79, P < 0.0001) planting date. Therefore, seed number was the primary 
yield component determining grain yield.   
 
Reproductive Periods – Correlation to Yield & Yield Components  
For the early planting date, the pod and seed initiation period (PSIP; R1-R5) 
expressed as days, accumulated modified growing degree days (MGDD), daily 
accumulated temperature maximum (ADTmax) and daily accumulated temperature 
minimum (ADTmin) was modestly positively correlated with yield. Correlation coefficient 
for yield ranged from r = 0.37 to 0.31 for ADTmin and ADTmax. But yield was not 
correlated to the PSIP when the PSIP was expressed as incoming solar radiation 
(ISRAD) at the early planting date (Table 2.6). At the late planting date, the PSIP was 
slightly negatively correlated with yield when the PSIP was expressed as days, ISRAD 
and ADTmax, and the PSIP was not correlated to yield when the PSIP was expressed 
as MGDD and ADTmin.   
Seed number was also modestly positively correlated to the PSIP when the PSIP 
was expressed as days, ISRAD, MGDD, ADTmax and ADTmin at the early planting 
date (Table 2.6). Correlation coefficients ranged from r = 0.43 to r = 0.21 for ADTmin 
and ISRAD. At the late planting date, there were no significant correlation between the 
PSIP and seed number, regardless of how the PSIP was expressed (Table 2.6).  
Seed weight was not correlated to the duration of the PSIP at the early planting 
date, but at the late planting date the PSIP expressed as ISRAD, MGDD, ADTmax and 
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ADTmin was poorly negatively correlated to seed weight. Correlation coefficients 
ranged from r = -0.20 to -0.16 for ADTmin and MGDD (Table 2.6).          
The duration of the seed-filling period (SFP, R5-R7) whether expressed as 
accumulated days, ISRAD, MGDD, ADTmax or ADTmin was positively correlated with 
yield. Linear correlation coefficients between SFP duration and yield ranged from r = 
0.31 for ISRAD at the early planting date, to r = 0.78 for MGDD at the normal planting 
date (Table 2.6). These correlations coefficients between the SFP duration and yield 
were greater than those relating yield and the PSIP duration, regardless of the planting 
date or the way that the SFP duration was expressed (days, ISRAD, MGDD, ADTmax 
or ADTmin) (Table 2.6).  
Because yield and seed number were strongly correlated expressing the duration 
of the SFP as days, ISRAD, MGDD, ADTmax or ADTmin also generally showed strong 
correlations to seed number (Table 2.6) at both early and late planting dates. A 
surprising and noteworthy exception however, was the lack of a significant correlation 
between ISRAD and seed number during the SFP at the early planting date (Table 2.6).  
While seed weight was more poorly correlated to yield than seed number, seed 
weight and the duration of the SFP were positively correlated at the early planting date; 
correlation coefficients ranged from r = 0.29 for ADTmin to r = 0.43 for days (Table 2.6). 
At the late planting date however, the SFP duration was either not correlated to seed 
weight, (ADTmin and MGDD) or very poorly correlated to seed weight (days, ISRAD 
and ADTmax) (Table 2.6).  
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Reproductive Period Durations – Days, Solar Radiation & Thermal Time  
At the five site-years where phenology measurements were collected the 
average early planting date was 2-May and the late planting was the 6-June. At the 
early planting date the mid-maturity check cultivars reached R1, R5, and R7 on 19- 
June, 30-July, and 11-Sept. For these same cultivars planted at the late planting date 
R1, R5, and R7 occurred on 15-July, 14-Aug, and 26-Sept.  
Pre-solstice flowering is not common in the Corn Belt, but we found flowering to 
start prior to the summer solstice for the short- and mid-maturity cultivars at three of  the 
five site-years where phenology measurements were recorded. All three sites - 
Champaign, Urbana, and Princeton locations in 2014 – had early planting dates in April, 
and warm May and June air temperatures (Table 2.3); the two sites in 2014 where 
plants did not flower before the solstice were planted later (Table 2.1).  
 Planting date and cultivar maturity interacted for the number of days in the total 
reproductive period (TRP; R1-R7), pod and seed initiation period (PSIP; R1-R5), and 
the seed-filling period (SFP; R5-R7) (Table 2.7). All cultivars regardless of maturity 
showed a longer PSIP with early compared to late planting, with an average increase of 
9.5 days (Figure 2.2). As cultivar maturity increased, however, the difference in the 
PSIP between the early and late planting date increased, from 7.9 days for those 
cultivars one MG earlier than the mid-maturity check cultivars to 11.1 days for those 
cultivars one full MG later than the mid-maturity check cultivars (Figure 2.2).  
Later-maturing cultivars had significantly longer SFP duration (in days) than 
earlier-maturing cultivars at the early planting date, and also had a SFP duration 3.6 
 40 
 
days longer for the early compared to late planting date. On the other hand, the duration 
of the SFP for cultivars at least 0.75 relative maturity units shorter than the mid-maturity 
check cultivars was 2.3 days shorter with late compared to early planting (Figure 2.2).      
There were significant planting date by cultivar maturity interactions for incoming 
solar radiation (ISRAD) during the TRP, PSIP, and SFP (Table 7). For both the early 
and late planting date, ISRAD increased with cultivar maturity. However, ISRAD 
accumulation for the PSIP responded more to cultivar maturity at the early (73.9 MJ m–2 
per MG unit) compared to the late planting date (14.4 MJ m–2 per MG unit) (Figure 2.3). 
For the SFP, ISRAD increased with cultivar relative MG at the early planting date, from 
752 MJ m–2 for cultivars one full MG unit less than the mid-maturity check cultivars to 
874 MJ m–2 for those cultivars one full MG greater than the mid-maturity check cultivars 
(Figure 2.3). At the late planting date, ISRAD accumulation during the SFP increased 
for shorter-maturity cultivars, but peaked at 774 MJ m–2 near mid-maturity cultivars then 
showed a modest curvilinear decline as relative maturity increased, down to 746 MJ m–2 
at those cultivars that were one full MG unit greater than the mid-maturity check 
cultivars (Figure 2.3).   
Accumulated daily minimum temperature (ADTmin) was correlated to yield and 
its components as well as, or better than, accumulated daily maximum temperature 
(ADTmax) or accumulated modified growing degree days (MGDD); thus we selected 
only ADTmin for further discussion (Table 2.6). Planting date and cultivar maturity did 
not interact to affect ADTmin during the PSIP, but both main effects were significant 
(Table 2.7). Early planting increased ADTmin by 199 °Cd during PSIP, but the 
relationships between cultivar maturity and ADTmin during PSIP were parallel for the 
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two planting dates; ADTmin accumulation increased at a rate of 39 °Cd per relative MG 
unit for both early and late planting (Figure 2.4).  In contrast, the interaction between 
planting date and cultivar maturity for ADTmin during SFP was significant (Table 2.7). At 
the early planting date, ADTmin during the SFP increased with cultivar maturity, from 
589 °Cd for cultivars that were one full MG unit earlier than the mid-maturity checks to 
668 °Cd for cultivars 0.35 relative maturity units later than the mid-maturity check 
cultivars (Figure 2.4). At the late planting date, ADTmin accumulation during the SFP 
generally decreased with increasing cultivar relative MG, from 578 °Cd for cultivars with 
a relative maturity 0.6 units earlier than the mid-maturity check cultivars to 524 °Cd for 
those cultivars one MG later than the mid-maturity check cultivars (Figure 2.4).  
  
Seed-Filling Rate & Air Temperature      
For the five site-years where phenology measurements were recorded the 
average minimum air temperature soybean were exposed to during the seed-filling 
period (SFP, R5-R7) fell from 15.4 with early planting to 13.6 °C for late planting. Later-
maturing cultivars were also exposed to cooler minimum air temperatures during the 
SFP than were earlier-maturing cultivars. Average minimum air temperatures 
experienced during the SFP (R5-R7) fell linearly from 16.5 to 14.3 °C for cultivars one 
full MG less than and one full MG greater than the mid-maturity check cultivars at the 
early planting date (Figure 2.5). At the late planting date, average minimum air 
temperatures also decreased linearly during the SFP with cultivar MG, from 15.0 to 12.2 
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°C for cultivars one full MG less than and one full MG greater than the mid-maturity 
check cultivars (Figure 2.5). 
The seed-filling rate (SFR) (days spent in the SFP divided by yield) also 
decreased with late planting and with later-maturing cultivars (Figure 2.5). Planting late 
vs planting early dropped the SFR from 124.2 to 106.4 kg ha-1d-1. The SFR also 
decreased as cultivar MG increased at both the early and late planting dates. With early 
planting, the SFR decreased from 136 to 112 kg ha-1 d-1 as cultivar maturity increased 
from one MG earlier to one MG later than the mid-maturity check cultivars; with late 
planting, this decrease was from 114 to 98 kg ha-1 d-1 (Figure 2.5). With concurrent 
decreases in both average minimum air temperatures and SFR with late planting and 
with increasing maturity, average minimum air temperatures during the SFP (R5-R7) 
and the SFR were strongly and positively correlated (r = 0.79, P > 0.0001) (Figure 2.5).  
  
2.5 DISCUSSION 
We found, as have a number of others (Dunphy et al., 1979; Smith and Nelson, 
1986; Egli, 2004; Rowntree et al., 2014) that the duration of the seed-filling period (SFP, 
R5-R7) is highly correlated to yield. We also found that the PSIP duration was 
negatively correlated to yields (r = -0.18, P < 0.001) at the late planting date, and is 
similar to the negative correlation between yield and the PSIP (r = -0.24) reported by 
Dunphy et al (1979), although planting date was not a factor in their studies.    
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One of the key questions these studies were designed to answer is how cultivar 
maturity and planting date interact to affect the duration of the total reproductive period 
(TRP, R1-R7), PSIP, and most importantly the critical SFP. Our findings show that early 
planting increased the number of days soybean spent in the PSIP (Figure 2.2), and has 
also been reported by others. Rowntree et al (2014) and Bastidas et al (2008) found 
that planting soybean in late April to early May, compared to planting in early to mid-
June increased the PSIP by 6 and 9.5 days, comparable to our finding that planting in 
early May vs. early June increased the PSIP by 9.5 days. We also found that the 
number of days soybean spent in the PSIP increased with cultivar maturity. At the early 
planting date, the PSIP (R1-R5) increased by 6.8 days across the range (about 2 MG) 
of cultivar maturities we used. At the late planting date however, this increase in the 
duration of the PSIP was only 3.6 days. In agreement with our research, Kane and 
Grabau (1992) and Egli (1994) also reported that the PSIP in days increased with 
cultivar relative MG, but planting date was not a factor in their studies.       
We found that early compared to late planting consistently increased the SFP (in 
days) only for those cultivars that were at least 0.5 relative maturity units later than the  
mid-maturity check cultivars, and that planting early actually decreased the SFP for 
cultivars that were considerably earlier than the mid-maturity check cultivars (Figure 
2.2). Our finding that the SFP duration can be dependent on both planting date and 
cultivar MG selection may help explain why reports regarding cultivar maturity effects on 
the duration of the SFP have been inconsistent in previous research (Egli, 1987; Kane 
and Grabau, 1992; Egli, 1994; Curtis et al., 2000; Bastidas et al., 2008; Rowntree et al., 
2014). 
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In our research accumulated minimum daily air temperatures during the SFP 
were highly correlated with yield, indicating that low night temperatures late in the 
season may impose major limitations on soybean yields. George et al. (1990) found that 
in Hawaii, day/night temperatures of 27/20 and 23/14 °C reduced soybean SFR from 96 
to 38 kg ha-1 d-1 and yields from 4,028 to 1,594 kg ha-1. In our work, average minimum 
daily air temperatures during the SFP at the early planting date fell from 16.4 °C for 
early-maturing cultivars to 14.3 °C for late-maturing cultivars. This decrease in minimum 
air temperatures at the early planting date resulted in SFR’s decreasing by 18%. At the 
late planting date, average minimum air temperatures during the SFP fell from 15.0 °C 
for the early cultivars to 12.3°C for the later-maturing cultivars, and the SFR fell by 14% 
(Figure 2.5).          
We found that maximum yield with early planting came from using cultivars that 
ranged from the mid-maturity check cultivars to cultivars that were about 0.8 MG units 
later than the mid-maturity check cultivars. For the late planting date, maximum yields 
came from cultivars that ranged from 0.5 MG unit on both sides of the mid-maturity 
checks cultivars. While maturity is only one, and probably not the most important of the 
genetic factors related to yield potential, we think our findings show that maturity should 
be a consideration when selecting cultivars.   
We found that planting early and using later-maturing cultivars substantially 
increased the amount of incoming solar radiation accumulation (ISRAD) plants were 
exposed to during the reproductive period (TRP). We also found, however, that ISRAD 
during the TRP was not highly linearly correlated with yield at either the early (r = 0.28) 
or late (r = 0.32) planting date. With late planting, the low correlation between the TRP 
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and yield was related to the large amount of variation in the data, while for the early  
planting date, the response to increasing ISRAD appears to level off above 2000  MJ m–
2 or so (Figure 2.6). Several other studies have reported similar leveling off in yield at 
high solar radiation levels (Edwards et al., 2005; De Bruin and Pedersen, 2009 
Salmerón et al., 2015), but one study in Wisconsin showed yield and solar radiation to 
be linearly related throughout the observed range in solar radiation (Gaspar and Conley, 
2015).  
A plateau in yield at the highest ISRAD values does not, however, prove that light 
resources did not limit yield in our study. Later-maturing cultivars did not reach R7 until 
23-Sept and 3-Oct, on average, for the early and late planting dates, respectively. Over 
the period of 11-Sept to 3-Oct, minimum average night temperatures fell below 10 and 8 
°C on 12 and 6 occasions, respectively. Previous research would suggest temperatures 
this low during the SFP can irreversibly damage the photosynthetic mechanism 
(Sinclair, 1980; Purcell et al., 1987), thereby decreasing photo-assimilate supply to the 
growing seeds even if temperatures return to more favorable levels for photosynthesis. 
Temperatures below 10 °C can also result in stored carbon and nitrogen assimilates 
being retained in pod walls and stems, hence leaving resources unavailable for 
continued seed growth (Seddigh and Jolliff, 1984; Seddigh and Jolliff, 1986). Therefore, 
exposure to low night temperatures may explain in part why the fullest maturity cultivars 
in our studies did not produce the highest yields, despite receiving more ISRAD over a 
longer SFP than those cultivars with a shorter relative MG rating.   
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2.6 CONCLUSION  
The effect of planting date and cultivar maturity on soybean yield is consistent 
with their effect on the seed-filling period (SFP) duration. We found, however, that the 
fullest-maturity cultivars planted at the early planting date did not yield more than those 
cultivars that spent fewer days in the SFP and that were exposed to less ISRAD. We 
think this is because low night temperatures decreased soybean seed-filling rates 
(SFR), and because full-maturity cultivars mature later in the season and experience 
cooler night temperatures than mid- and short-maturity cultivars. This appears to have 
limited the ability of the fullest-maturity cultivars to direct additional resources toward 
economic yield.  
 Alternative hypotheses exist for why fuller-maturity cultivars may not yield 
more than mid- or short-maturity cultivars despite increased resource availability. These 
include a lower harvest index (Edwards et al., 2005), increased lodging susceptibility, 
inability to use stored nitrogen resources for increased seed yields (Mastrodomenico 
and Purcell, 2012), lower peak photosynthetic rates (Gordon et al., 1982), and lower 
photosynthetic efficiency of aging leaves (Locke and Ort, 2014). Studies that further test 
these and other possible factors would add to our understanding of what most limits 
soybean yields.  
For the midwestern regions of the United States, producing optimum soybean 
yields occurs when there is a balance between maximizing the duration of the SFP and 
the thermal time available in a season to sustain productive crop growth. Since the 
thermal time available in any given season is not always predictable, it is advisable to 
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plant cultivars with a range in maturity that have proven high yields, and the defensive 
traits required for the production environment. For crop mangers who are equipped to 
plant many acres early, this research suggest that the range in proven high yielding 
cultivars should be mid-maturity or fuller, but should not be greater than 0.8 maturity 
units fuller than commonly grown mid-maturity cultivars of the region. For regions/fields 
where early planting is often not possible, choosing later-maturing cultivars might risk 
positioning the SFP into environments that are not conducive to higher yields.  
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2.8 TABLES AND FIGURES 
  Table 2.1. Experimental details specific to each of the 12 site-years in this study.  
Year Location Coordinates Planting Dates pH 
Organic 
Matter 
CEC† P‡ K‡ 
  
Latitude Longitude Early Late 1:1 H20 g kg
-1
 
meq 100 
g
-1
 soil 
mg kg
-1
 
2012 Princeton, IL 41.4366 -89.4745 19-April 17-May 6.0 4.3 19.7 81 239 
2012 DeKalb, IL 41.8406 -88.8603 25-April 22-May 5.9 5.2 23.8 25 94 
2012 Champaign, IL 40.0742 -88.4200 14-April 17-May 5.5 3.6 14.7 33 152 
2013 Princeton, IL 41.4320 -89.4752 1-May 5-June 6.4 2.8 13.6 87 305 
2013 DeKalb, IL 41.8406 -88.8611 14-May 14-June 6.1 5.3 23.2 25 105 
2013 Champaign, IL 40.0565 -88.4163 16-May 12-June 6.1 4.4 19.0 29 127 
2013 Johnston, IA 41.6742 -93.7081 17-May 13-June - - - - - 
2014 Princeton, IL 41.4347 -89.4756 25-April 30-May 6.0 2.9 16.2 58 155 
2014 DeKalb, IL 41.8449 -88.8491 20-May 27-June 6.3 3.1 19.1 36 110 
2014 Champaign, IL 40.0578 -88.4139 23-April 6-June 6.1 2.9 16.7 28 121 
2014 Johnston, IA 41.6787 -93.7226 7-May 22-May 6.9 2.8 - 52 181 
2014 Urbana, IL 40.0596 -88.2369 24-April 31-May 5.6 3.8 21.6 40 111 
  † Cation Exchange Capacity 
  ‡ Mehlich III extractable phosphorus and potassium 
 
 
 
 
 
Table 2.2. The range in maturity groups (MG) used, the maturity group units for 
what was considered the mid-maturity cultivar at each experimental location, 
and number of cultivars used at each site-year. 
Location 
Maturity 
Group Range 
Mid-Maturity 
Cultivar 
Number Cultivars Used 
   
2012 2013 2014 
Princeton, IL  1.7 - 3.9 2.9 9 12 19 
DeKalb, IL 1.9 - 3.6 2.7 7 12 10 
Champaign, IL 2.5 - 4.5 3.6 6 12 12 
Johnston, IA 1.7 - 3.4 2.6 - 9 12 
Urbana, IL  2.5 - 4.5 3.6 - - 12 
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Table 2.3. Mean monthly air temperatures, monthly precipitation and the 30-yr averages (from NOAA, 1981-2010) 
for each of the 12 site-years.  
 
Champaign, IL  DeKalb, IL  Princeton, IL  Johnston, IA Urbana, IL 
Month  2012 2013 2014 30 yr 2012 2013 2014 30 yr 2012 2013 2014 30 yr 2013 2014 30 yr 2014 30 yr 
 
Air Temperature (°C)                                                                                                                                                        
April  12.5 10.2 11.3 11.0 10.0 7.3 8.7 9.1 11.7 8.1 9.6 9.8 6.4 8.4 10.0 11.6 10.8 
May  20.5 18.0 17.9 17.3 18.4 16.6 16.0 15.2 19.2 17.0 16.9 15.9 16.0 15.6 16.3 17.3 16.6 
June  22.2 21.8 22.6 22.2 21.6 19.9 21.7 20.8 21.9 20.7 21.7 21.1 22.3 21.3 21.6 22.9 21.7 
July  26.4 22.2 20.6 23.4 24.8 21.3 19.6 22.8 26.4 22.1 20.3 23.0 24.2 20.6 24.0 21.4 23.0 
Aug 22.0 21.9 22.2 22.3 20.9 21.2 21.1 21.8 21.7 22.4 22.4 21.8 24.8 22.0 22.7 23.0 21.9 
Sept 17.3 19.7 17.3 18.6 15.7 17.6 15.7 17.4 16.3 18.9 17.0 17.6 21.6 16.6 18.0 18.1 18.1 
 
Precipitation (mm) 
April  80 217 106 96 68 207 83 83 109 201 81 81 178 164 94 103 92 
May  75 125 172 116 81 92 62 116 88 96 54 111 223 86 125 105 105 
June  47 151 212 106 18 198 221 105 43 181 222 116 62 258 130 229 110 
July  17 63 125 110 62 43 63 111 18 41 33 98 26 117 129 204 114 
Aug 106 5 65 92 61 110 104 111 108 19 99 113 26 188 112 36 93 
Sept 155 11 94 83 38 35 74 83 39 53 114 79 69 147 79 89 75 
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Table 2.4. Growing season monthly accumulated incoming solar radiation (ISRAD) 
and the 26 or 11 yr averages at each of the 5 site-years where phenology 
measurements were collected. 
 
Champaign, IL DeKalb, IL Princeton, IL Urbana, IL 
Month 2013 2014 26 yr 2013 26 yr 2014 11 yr 2014 26 yr 
 
Accumulated Incoming Solar Radiation (MJ m-2) 
April 517 573 533 491 514 466 519 545 543 
May 606 713 638 626 630 582 632 616 649 
June 672 742 700 627 687 599 716 693 718 
July 726 795 740 749 721 688 771 738 743 
Aug 719 599 711 665 633 588 683 547 661 
Sept 597 545 564 550 504 539 549 510 534 
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Table 2.5. Type 3 test of the fixed effects from the mixed model analysis of variance for 
yield, seed number, and seed weight for all 12 site-years. 
Fixed Effects Yield  Seed Number Seed Weight 
 
F Value  Pr > F  F Value  Pr > F  F Value  Pr > F  
Planting Date (PD) 6.96 0.0225 9.98 0.0076 0.12 0.7345 
Maturity Group-lin (MG) 79.76 <.0001 6.4 0.0115 42.4 <.0001 
MG-Quad 105.57 <.0001 97.49 <.0001 1.96 0.1614 
MG-lin*PD 53.38 <.0001 16.4 <.0001 3.47 0.0626 
MG-Quad*PD 3.6 0.0582 0.03 0.8672 2.12 0.1457 
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Figure 2.1. Soybean (A) Seed 
weight, (B) seed number, (C) and 
yield vs. the departure from the mid-
maturity cultivars for all 12 site-years. 
Dotted red regions along the curves 
are not different at an alpha level of P 
< 0.05. Open and closed circles 
represent the early and normal 
planting dates. For presentation 
purposes, only site-year means are 
shown, but individual experimental 
unit observations were 
used in the analysis. 
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Table 2.6. Simple linear correlation coefficients (r) between seed weight, 
seed number, and yield for days, accumulated daily incoming solar 
radiation (ISRAD), accumulated daily modified growing degree days 
(MGDD), accumulated daily temperature maximum (ADTmax), and 
accumulated daily temperature minimum (ADTmin) for the total 
reproductive period (TRP), pod and seed initiation period (PSIP), and the 
seed-filling period (SFP) for both the early and late planting dates at the 
five locations where phenology measurements were collected. 
Early Planting Date 
 
Seed Weight Seed Number Grain Yield 
 
r Pr n r Pr n r Pr n 
Days 
         
R1-R7 0.30 *** 306 0.30 *** 308 0.55 *** 317 
R1-R5 0.01 NS 306 0.30 *** 308 0.32 *** 317 
R5-R7 0.43 *** 306 0.19 *** 308 0.54 *** 317 
ISRAD 
         
R1-R7 0.11 * 306 0.20 *** 308 0.28 *** 317 
R1-R5 -0.12 * 306 0.21 *** 308 0.11 NS 317 
R5-R7 0.39 *** 306 -0.02 NS 308 0.31 *** 317 
MGDD 
         
R1-R7 0.15 ** 306 0.53 *** 308 0.68 *** 317 
R1-R5 -0.08 NS 306 0.42 *** 308 0.37 *** 317 
R5-R7 0.33 *** 306 0.43 *** 308 0.73 *** 317 
ADTmax 
         
R1-R7 0.22 *** 306 0.38 *** 308 0.56 *** 317 
R1-R5 -0.06 NS 305 0.35 *** 307 0.31 *** 316 
R5-R7 0.36 *** 306 0.25 *** 308 0.56 *** 317 
ADTmin 
         
R1-R7 0.13 * 302 0.56 *** 304 0.70 *** 313 
R1-R5 -0.09 NS 302 0.43 *** 304 0.37 *** 313 
R5-R7 0.29 *** 306 0.50 *** 308 0.77 *** 317 
Late Planting Date 
Days 
         
R1-R7 0.17 ** 262 0.34 *** 263 0.49 *** 264 
R1-R5 -0.10 NS 262 -0.09 NS 263 -0.18 ** 264 
R5-R7 0.23 *** 315 0.48 *** 316 0.68 *** 319 
ISRAD 
         
R1-R7 0.00 NS 262 0.30 *** 263 0.32 *** 264 
R1-R5 -0.19 ** 262 -0.09 NS 263 -0.24 *** 264 
R5-R7 0.18 ** 315 0.48 *** 316 0.65 *** 319 
MGDD 
         
R1-R7 -0.08 NS 262 0.47 *** 263 0.51 *** 264 
R1-R5 -0.16 ** 262 0.02 NS 263 -0.07 NS 264 
R5-R7 0.06 NS 315 0.64 *** 316 0.78 *** 319 
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Table 2.6 (continued)  
ADTmax 
         
R1-R7 -0.02 NS 262 0.39 *** 263 0.42 *** 264 
R1-R5 -0.18 ** 262 -0.03 NS 263 -0.16 ** 264 
R5-R7 0.13 ** 315 0.54 *** 316 0.69 *** 319 
ADTmin 
         
R1-R7 -0.10 NS 262 0.49 *** 263 0.53 *** 264 
R1-R5 -0.20 ** 261 0.09 NS 262 0.00 NS 263 
R5-R7 0.03 NS 315 0.65 *** 316 0.77 *** 319 
                  *Significant at the 0.05 probability level. 
                  **Significant at the 0.01 probability level. 
                  ***Significant at the <0.001 probability level. 
 
Table 2.7. Type 3 test of the fixed effects from the mixed model analysis of variance for days, 
accumulated daily incoming solar radiation (ISRAD), and accumulated daily minimum air 
temperatures (ADTmin) during the total reproductive period (TRP; R1-R7), pod and seed 
initiation period (PSIP; R1-R5), and the seed-filling period (SFP; R5-R7) for the five site-years 
were phenology measurements were collected.    
Fixed Effects TRP PSIP  SFP 
 
F Value  Pr > F  F Value  Pr > F  F Value  Pr > F  
Days 
Planting Date (PD) 80.13 0.0004 32.27 0.0041 0.34 0.5846 
Maturity Group-linear (MG) 582.09 <.0001 165.72 <.0001 424.97 <.0001 
MG-Quadratic 14.96 0.0001 1.76 0.185 23.24 <.0001 
MG-linear*PD 128.3 <.0001 17.28 <.0001 97.49 <.0001 
MG-Quadratic*PD 0.97 0.3256 2.05 0.1530 0.7 0.4022 
 
Accumulated Incoming Solar Radiation  
 
F Value  Pr > F  F Value  Pr > F  F Value  Pr > F  
Planting Date (PD) 69.53 <.0001 25.83 0.0066 7.18 0.0513 
Maturity Group-linear (MG) 176.43 <.0001 82.51 <.0001 93.31 <.0001 
MG-Quadratic 23.17 <.0001 1.94 0.164 39.66 <.0001 
MG-linear*PD 120.19 <.0001 39.22 <.0001 52.21 <.0001 
MG-Quadratic*PD 0.21 0.6456 0.06 0.8048 1.58 0.2097 
 
Accumulated Minimum Air Temperature  
 
F Value  Pr > F  F Value  Pr > F  F Value  Pr > F  
Planting Date (PD) 107.71 0.0004 97.66 0.0004 73.39 0.0005 
Maturity Group-linear (MG) 124.76 <.0001 143.39 <.0001 0.96 0.3277 
MG-Quadratic 51.42 <.0001 1.32 0.2503 72.9 <.0001 
MG-linear*PD 63.75 <.0001 0.08 0.7793 123.27 <.0001 
MG-Quadratic*PD 9.37 0.0023 0.09 0.76 7.53 0.0062 
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Figure 2.2. Duration of the (A) total 
reproductive period (TRP; R1-R7), (B) 
pod and seed initiation period (PSIP; 
R1-R5), and the (C) seed-filling period 
(SFP; R5-R7) as days vs. the 
departure from the mid-maturity 
cultivars for the five site-years where 
phenology measurements were 
collected. Dotted red regions along 
the curves are not different at an 
alpha level of P < 0.05. Open and 
closed circles represent the early and 
normal planting dates (PD). For 
presentation purposes, only the mean 
data points are shown, but individual 
experimental unit observations were 
used in the analysis. 
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Figure 2.3. Cumulative daily incoming 
indecent solar radiation (ISRAD) 
during the (A) total reproductive period 
(TRP; R1-R7), (B) pod and seed 
initiation period (PSIP; R1-R5), and 
the (C) seed-filling period (SFP; R5-
R7) vs. the departure from the mid-
maturity cultivars for the five site-years 
where phenology measurements were 
collected. Dotted red regions along the 
curves are not different at an alpha 
level of P < 0.05. Open and closed 
circles represent the early and normal 
planting dates (PD). For presentation 
purposes, only the mean data points 
are shown, but individual experimental 
unit observations were used in the 
analysis. 
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Figure 2.4. Cumulative daily 
minimum temperatures during the (A) 
total reproductive period (TRP; R1-
R7), (B) pod and seed initiation 
period (PSIP; R1-R5), and the (C) 
seed-filling period (SFP; R5-R7) vs. 
the departure from the mid-maturity 
cultivars for the five site-years where 
phenology measurements were 
collected. Dotted red regions along 
the curves are not different at an 
alpha level of P < 0.05. Open and 
closed circles represent the early and 
normal planting dates (PD). For 
presentation purposes, only site-year 
means are shown, but individual 
experimental unit observations were 
used in the analysis. 
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Figure 2.5. (A) Average minimum 
temperatures experienced over the 
duration of the seed-filling period (SFP; 
R5-R7), and the (B) seed-filling rate 
(SFR) per day vs. the departure from 
the mid-maturity cultivars for the five 
site-years where phenology 
measurements were collected. Open 
and closed circles represent the early 
and normal planting dates (PD). (C) 
The seed-filling rate (SFR) per day 
correlated to the average minimum 
temperatures experienced over the 
duration of the seed-filling period (SFP; 
R5-R7) for the five site-years where 
phenology measurements were 
collected. 
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Figure 2.6. Yield regressed against accumulated incoming solar radiation 
using a quadratic plus plateau line of fit (P > 0.0001) for the five site-years 
where phenology measurements were recorded. The numbers in 
parenthesis in the quadratic plus plateau equation are the standard errors. 
The quadratic fit plateaued at 2091 MJ m–2. 
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CHAPTER 3: YIELD POTENTIAL OF FULL-MATURITY CULTIVARS 
MAY BE DEPENDENT ON SEED-FILLING PERIOD AIR 
TEMPERATURES IN NORTHERN ILLINOIS 
3.1 ABSTRACT 
Following normal planting dates, full-maturity soybean [Glycine max (L.) Merr.] 
cultivars have a longer seed-filling period (SFP) than mid-maturity cultivars. Despite this 
longer period over which seed dry matter accumulates, full-season cultivars typically 
yield no more than mid-maturity cultivars. One possible reason for this is cooler 
temperatures late in the seed-filling period (SFP). We used data from 92 site-years of 
cultivar trials in northern and central Illinois to see whether SFP temperatures affected 
relative performance of mid- versus full-season cultivars. In northern Illinois when mean 
daily SFP air temperatures were warmer than normal, full-maturity cultivars (MG 3.1 to 
3.5) produced 232 and 167 kg ha-1 more grain than the two mid-maturity cultivar groups 
(MG 2.3 to 2.6 and MG 2.7 to 3.0). In northern Illinois, full- and mid-maturity cultivars 
generally had similar yields when air temperatures were cooler than normal during the 
SFP. In central Illinois, mid-maturity cultivars (MG 3.5 to 3.8) produced 59 kg ha-1 more 
grain on average, than the full-season cultivars (MG 3.9 to 4.4), and SFP temperatures 
had little effect on relative yields of the two groups. We conclude that the higher yield 
potential of longer-season cultivars in cooler climates may be realized only if 
temperatures during the SFP are warmer than normal.   
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3.2 INTRODCUTION  
Recent research conducted in Iowa and the northern half of Illinois shows that 
when soybean are planted in early May the seed-filling period (SFP; R5-R7) for full- 
maturity cultivars is 11.4 and 4.6 days longer than the SFP for short- and mid-maturity 
cultivars (Vossenkemper, unpublished, 2016). In these same studies the 11.4 day 
longer SFP resulted in full-maturity cultivars accumulating 663 kg ha-1 more grain yield 
than the short-maturity cultivars. Full- and mid-maturity cultivars, however, had similar 
grain yields despite the full-maturity cultivars spending 4.6 more days in the SFP than 
the mid-maturity cultivars (Vossenkemper, unpublished, 2016). Given that a longer SFP 
is often associated with higher grain yields (Dunphy et al., 1979; Smith and Nelson, 
1986; Egli, 2004; Rowntree et al., 2014; Van Roekel et al., 2015; Vossenkemper, 
unpublished, 2016) the reason full- and mid-maturity cultivars had similar yields despite 
the longer SFP for the full-maturity cultivars is not completely understood. 
In the recent studies by Vossenkemper (unpublished, 2016), however, it was 
shown that when averaged minimum daily air temperatures during the SFP fell from 
16.5 to 14.3 °C this resulted in seed-filling rates (SFR) being reduced from 136 to 112 
kg ha-1 d-1. Given that full-maturity cultivars mature later in the season and often 
experience cooler night air temperatures than short- or mid-maturity cultivars, reduced 
SFR may be one reason why full-maturity cultivars did not yield more than the mid-
maturity cultivars, despite spending a greater number of days in the SFP.  
Other research supports the observation made by Vossenkemper (unpublished, 
2016). George et al. (1990) found that day/night air temperatures of 27/20 and 23/14 °C 
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reduced soybean SFR from 96 to 38 kg ha-1 d-1 and yields from 4028 to 1594 kg ha-1. 
Using observations from long-term fertility studies in Northeast China, researchers 
showed that the departure from normal mean daily maximum air temperatures (average 
maximum air temperature over study period 22 °C) during the SFP was a predictor of 
soybean yield (Zheng et al, 2009). In this long-term fertility study, yields increased 6 to 
10% for each 1 °C increase in average maximum daily air temperatures during the SFP 
(Zheng et al, 2009).  
In a field study at Oregon State University, researchers used polyethylene 
chambers and electric heaters to elevate the night air temperature soybeans were 
exposed to during the entire reproductive period (Seddigh and Jolliff, 1984). Elevating 
night air temperatures from 10 to 16 °C caused seed-growth rates to increase from 10.7 
to 14.3 g m-2 d-1, and harvest index to increase from 39 to 48%. These increases in both 
seed-growth rate and harvest index were accompanied by a 30% seed yield increase, 
even though the air temperature treatments had no effect on the seed-growth duration 
(Seddigh and Jolliff, 1984). In addition to field studies, a growth chamber experiment 
showed that SFR’s increased from 6.1 to 7.9 mg seed-1 d-1 when day/night air 
temperatures where increased from 18/13 to 27/22 °C during the SFP (Egli and 
Wardlaw, 1980). In this same study, however, SFR began to decline once day/night air 
temperatures during the SFP exceeded 30/25 °C (Egli and Wardlaw, 1980). 
Other studies show evidence that just two nights of low air temperatures during 
the SFP can irreversibly reduce photosynthesis. Purcell et al (1987) found that plants 
exposed to two consecutive nights of 5 °C air temperatures in a growth chamber lost 80 
to 100% of their photosynthetic capacity the day following the cold temperature 
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treatment. Moreover, photosynthetic capacity 5 days after the end of the cold air 
temperature treatment remained 25% lower than pre-cold treatment levels (Purcell et 
al., 1987). The drop in photosynthetic capacity following the 5 °C air temperature 
treatment was also accompanied by lower total leaf nitrogen concentrations when 
compared to plants that were not exposed to the cold night air temperature treatment 
(Purcell et al., 1987). In a field study, leaf photosynthetic rates for some cultivars during 
the SFP dropped from about 40 to 10 mg dm-2 hr-1 following two nights of cold air 
temperatures that ranged from 9.5 to 5 °C. In addition, it was observed in this study that 
leaf photosynthetic rates for some cultivars never recovered following the cold night 
temperatures, remaining at about 10 mg dm-2 hr-1 for the remainder of the growing 
season (Sinclair, 1980). 
The University of Illinois Variety Testing program has been conducting soybean 
variety trials across Illinois since 1969, and thus provides a unique data set to ask 
questions about what effects weather may have on soybean yields. Our objective is to 
test the hypothesis that site-years with warm 15-Aug to 30-Sept (the approximate 
calendar dates of the SFP) air temperatures may result in full-maturity cultivars 
producing higher yields than mid- maturity cultivars, and for site-years with cool 15-Aug 
to 30-Sept air temperatures, this may result in full-maturity cultivars producing lower 
yields than mid-maturity cultivars.  
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3.3 MATERIALS AND METHODS 
Location Information and Cultural Practices 
 The locations selected to be included in this study were from the University of 
Illinois Variety Testing regions 1 (northern Illinois) and 3 (central Illinois.) Region 1 
includes Erie (Whiteside county, 41°42'3.57"N; 90° 6'2.08"W), Mt. Morris (Ogle county, 
42° 5'7.25"N; 89°28'12.83"W) and DeKalb (DeKalb County, 41°50'34.30"N; 
88°50'49.15"W or 41°50'26.31"N; 88°52'0.46"W) Illinois. The locations in region 3 are 
Perry (Pike County, 39°50'13.11"N; 90°49'19.25"W or 39°50'15.47"N; 90°49'17.06"W), 
New Berlin (Sangamon County, 39°49'9.89"N; 89°56'49.95"W) and Urbana (Champaign 
County, 40°2'36.13"N; 88°13'20.18"W) Illinois. The specific location/field of each variety 
testing experiment changed from year-to-year, but were generally on the same farm 
over years. Herein, we will refer to regions 1 and 3 as northern and central (Illinois) 
regions, respectively.  
Yield data for each location was obtained from the University of Illinois Variety 
Testing website, and data from only the Roundup Ready® trials (the largest group of 
cultivars) were used. Among northern Illinois sites, we used data from 2004 through 
2016, plus 2000-2001 data at DeKalb; other data from before 2004 were not used due 
to lack of weather records or to not having trials at these sites. For central Illinois sites, 
we used data from 2000 to 2016.    
After excluding data from cultivars that were labeled experimental or that did not 
have a definitive cultivar relative maturity rating, and those with maturity ratings outside 
the range of 3 standard deviations from the mean MG rating within each site, numbers 
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of cultivars included in the analyses ranged from 59 to 195 per site-year in the northern 
region and from 78 to 228 per site-years in the central region. A decline in the numbers 
of entries over time was the primary reason for the size of these ranges. 
Plots were planted with a plot planter at a seeding rate of 410,020 seeds ha-1. 
Plots were 3 m wide and consisted of four, 76-cm rows 6.4 m long. The center two rows 
of each plot was harvested with a plot combine. Grain yields were corrected to 130 g kg-
1 of seed moisture. Corn was the previous crop in all trials. At most site-years, primary 
tillage (chisel, disking, disk-ripper, or vertical tillage) in the fall of the year was followed 
by field cultivation in the spring. In some cases the only tillage was spring field 
cultivation. Information on cultivar maturity ranges, planting date and the soil types are 
in Table 3.1.  
High, mean and low daily air temperature data for the period spanning from 15-
Aug to 30-Sep were obtained from the Illinois Climate Network (ICN) automated 
weather stations (Angel, 2015). The Urbana, Perry, Erie and DeKalb locations were 
located < 9 km from the closest ICN weather station. The New Berlin and Mt. Morris 
locations are approximately 29 and 26 km from the closest ICN weather stations 
(Springfield and Freeport, respectively). The 30-yr normal temp for the 15-Aug to 30-
Sep time period can be found in Table 3.2, along with the overall mean date of R8 (95% 
brown pods) for northern and central regions. 
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Data Organization and Statistical Analysis 
Cultivar trials are designed to compare the agronomic performance (yield, 
lodging, plant height, seed oil and protein content) of cultivars within ranges of 
maturities typically used in each region. To enable timely harvest, separate trials are 
planted for different maturity groups; these trials are typically in the same field, so 
comparisons of yields between maturity groups are reasonable, if not statistically 
rigorous. In the northern region, separate trials were conducted for MG 1, 2, and 3 
cultivars, and in central region there were separate trials for MG 2, 3, and 4 cultivars. 
Each trial had three replications and employed a randomized complete block or alpha 
lattice experimental design.  
 In most cases, yields were normally distributed and had equal variances 
among the residuals for the maturity group trials within regions. In the few cases that the 
data sets were not normally distributed, removing far-outliers identified by SAS (SAS 
Institute, 2012) corrected this.   
 Site-years were assigned to seed-filling period (15-Aug to 30-Sept) 
temperature groups based on mean daily air temperature. For the northern region, of 41 
site-years, 13 were designated as “cool”, 13 as “warm”, and 15 as “normal” sites. This 
was also done for mean daily high air temperatures and mean daily low air 
temperatures for the northern region. Of the 51 site-years in the central region, 17 were 
assigned to each temperature grouping.  
Cultivars were grouped into class variables by relative maturity rating. For the 
northern region, there were four relative maturity group classes, a group with relative 
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maturity ratings from 1.8 to 2.2, 2.3 to 2.6, 2.7 to 3.0 and 3.1 to 3.5. For the central 
region, there were four relative maturity group classes, a group with relative maturity 
ratings from 2.4 to 3.0, 3.1 to 3.4, 3.5 to 3.8 and 3.9 to 4.4. In the statistical analysis, 
grain yields were compared for the cultivar relative maturity group classes within the 
“warm”, “normal” and “cool” site-year groups for mean daily air temperatures, mean 
daily high air temperatures and mean daily low air temperatures within each region.   
A mixed model analysis of variance was preformed using the PROC MIXED 
procedure within SAS (SAS Institute, 2012). Maturity groupings were treated as a fixed 
effect class variable, grain yield was the dependent variable and site-years within an air 
temperature grouping (cool, normal or warm temperature groups) were treated as 
random replications. The PDMIX800 macro (Saxton, 1998) was used to compute an 
LSD for separating means between cultivar maturity grouping at an alpha level of P < 
0.05. 
 
3.4 RESULTS  
For the northern region, the mean daily air temperatures averaged 20.2, 18.7 
and 17.4 °C for the warm, normal and cool site-years, but the mean high daily air 
temperatures for the warm, normal and cool site-years averaged 27.0, 25.6 and 23.7 
°C. For the warm, normal and cool site-years in the northern region, mean daily low air 
temperatures averaged 14.2, 12.4 and 11.1 °C. 
Air temperatures for the central region were about 2 °C warmer than in northern region: 
mean daily air temperatures averaged 22.2, 20.7 and 19.5 °C for the warm, normal and 
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cool site-years, and mean daily high air temperatures averaged 29.0, 27.1 and 25.9 °C 
for the warm, normal and cool site-years. For the warm, normal and cool site-years in 
the central region, mean daily low air temperatures averaged 16.2, 14.8 and 13.5 °C.  
 Statistically the yields between the cool, normal and warm site-years cannot 
be compared, but it is nevertheless an interesting observation that warm site-years 
always had numerically higher yields than cool site-years when averaged across the 
four cultivar relative maturity classes (Figure 3.1 and 3.2).  
Assigning temperature groups using minimum temperature produced larger 
differences in yield between temperature groups. Averaged across the four cultivar 
relative maturity classes in the northern region, mean daily low air temperature for the 
warm site-years was 14.2 °C and average yield was 4676 kg ha-1, while for the cool 
site-years, mean daily low air temperature was 11.1 °C and yield 4306 kg ha-1 (Figure 
3.1). In the central region, the warm site-year grouping had an average daily minimum 
temperature of 16.2 °C and an average yield  of 4468 kg ha-1, and cool site-years had 
an average minimum temperature of 13.5 °C and yielded 4035 kg ha-1 (Figure 3.2).    
 In the northern region mixed model p-values for the cultivar relative maturity 
classes were significant at an alpha level of P < 0.05 for each daily air temperature 
grouping (low, mean and high air temperatures) and for the warm, normal and cool site-
years (Table 3.3). For the warm site-years, grain yields increased as cultivar maturity 
increased regardless of how temperature groupings were assigned: minimum, mean, or 
maximum air temperatures (Figure 3.1).  For the warm site-years assigned using 
minimum temperatures, yields increased from a low of 4500 kg ha-1 for the shortest-
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maturity group (MG 1.8 to 2.2) to a high of 4837 kg ha-1 for the longest-maturity group 
(MG 3.1 to 3.5). For the warm site-years in the mean daily air temperature group the 
lowest yield of 4519 kg ha-1 was produced by the short-maturity cultivars (1.8 to 2.2), 
and the highest yield of 4880 kg ha-1 was produced by the full-maturity cultivar class 
(3.1 to 3.5) (Figure 3.1). In the mean high daily air temperature grouping, yields also 
increased with cultivar maturity, from 4424 to 4740 kg ha-1 for the short- and full-maturity 
cultivar relative maturity classes (Figure 3.1).    
 For the cool site-years in the northern region, full-maturity cultivars (3.1 to 3.5) 
had similar or lower yields than the two mid-maturity cultivar classes (2.3 to 2.6 and 2.7 
to 3.0). For the cool site-years in the mean low daily air temperature group, yields 
increased with cultivar relative maturity classes, but the 2.7 to 3.0 and 3.1 to 3.5 cultivar 
relative maturity classes had similar yields (Figure 3.1). For the cool site-years in the 
mean daily air temperature group the short-maturity (1.8 to 2.2) cultivars produced the 
lowest yield, but the 2.3 to 2.6, 2.7 to 3.0 and 3.1 to 3.5 cultivar relative maturity classes 
all had similar yields, averaging 4361 kg ha-1 (Figure 3.1). For the cool site-years in the 
mean high daily air temperature group, the mid-maturity 2.3 to 2.6 cultivar relative 
maturity class produced the highest yield, at 4348 kg ha-1, but yields fell to 4300 and 
4233 kg ha-1 for the mid-maturity 2.7 to 3.0 and full-maturity 3.1 to 3.5 cultivar relative 
maturity classes (Figure 3.1).    
For the central region mixed model p-values for the cultivar relative maturity 
classes were significant at an alpha level of P < 0.05 for each daily air temperature 
grouping (low, mean and high air temperatures) and for the warm, normal and cool site-
years. Unlike the northern region, full-maturity cultivars (3.9 to 4.4) never yielded more 
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than the two mid-maturity cultivar classes (3.1 to 3.4 or 3.5 to 3.8) in the central region, 
even within the warm site-years. For the warm site-years within the mean low daily 
temperature group, the 3.5 to 3.8 cultivar relative maturity class produced the highest 
yield, at 4548 kg ha-1, and the  3.1 to 3.4 and 3.9 to 4.4 cultivar relative maturity classes 
had similar yields, averaging 4494 kg ha-1 (Figure 3.2). For the warm site-years within 
the mean daily temperature group, the two mid-maturity cultivar classes (3.1 to 3.4 and 
3.5 to 3.8) produced the highest yield, averaging 4479 kg ha-1, followed by the full-
maturity cultivar class (3.9 to 4.4), which yielded 4398 kg ha-1. Similarly, for the mean 
high daily air temperature group the two mid-maturity cultivar classes (3.1 to 3.4 and 3.5 
to 3.8) produced the highest yield, averaging 4527 kg ha-1, with the full-maturity cultivar 
class (3.9 to 4.4) yielded lower, at 4472 kg ha-1 (Figure 3.2).  
 For the cool site-years in the central region, the mid-maturity 3.5 to 3.8 cultivar 
relative maturity class had higher yields than any other cultivar maturity class in all three 
daily air temperature groupings (low, mean and high air temperatures). For the cool site-
years in the mean daily low air temperature grouping, the 3.5 to 3.8, 3.9 to 4.4 and 3.1 
to 3.4 cultivar relative maturity classes yielded 4137, 4087 and 4007 kg ha-1 (Figure 
3.2). For the cool site-years in the mean daily air temperature grouping, the 3.5 to 3.8, 
3.9 to 4.4 and 3.1 to 3.4 cultivar relative maturity classes yielded 4108, 4053 and 3981 
kg ha-1 (Figure 3.2). A similar pattern was repeated for the cool site-years within the 
mean daily high air temperature grouping, with the 3.5 to 3.8, 3.9 to 4.4 and 3.1 to 3.4 
cultivar relative maturity classes yielding 4183, 4130 and 4050 kg ha-1 (Figure 3.2).  
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3.5 DISCUSSION 
The fact that higher temperatures during seed-filling period tended to increase 
yields of later-maturing soybean cultivars more than those of earlier maturity cultivars 
provides an indication that senescence signaling may be related to daylength (calendar 
date) more than to temperature or rate of dry matter accumulation. That is, higher 
assimilation rates under higher temperatures means higher seed yields by the time leaf 
senescence is initiated, such that seed weights are higher. Other studies have also 
shown that warmer temperatures during the SFP can increase soybean photosynthetic 
rates (Sinclair, 1980; Purcell et al 1987), SFR’s (Egli and Wardlaw, 1980) and grain 
yields (Zheng et al, 2009).   
In both the northern and central regions of Illinois, shorter-maturity cultivars rarely 
yielded more than the mid- and full-maturity cultivars, even when air temperatures were 
cool during the SFP. So while early harvest may be a motivation to plant earlier-
maturing cultivars, yield benefits from doing so will be rare. Among cultivars with similar 
genetic yield potential in northern Illinois, whether or not full-maturity cultivars produce 
higher yields than mid-maturity cultivars depends on SFP air temperatures. While SFP 
air temperatures are a function of unpredictable weather, planting at recommended 
dates (late April to early May) helps to insure warmer SFP air temperatures compared 
to late planting, and can thereby help to capture the yield potential offered by full-
maturity cultivars. This conclusion is corroborated by other recent research in Illinois 
(Vossenkemper, unpublished, 2016). In this recent research, near maximum yields 
where achieved by cultivars with a range in MG from 2.7 to 3.5 at early May planting 
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dates, but at early June planting dates near maximum yields were achieved by cultivars 
with a range in MG from 2.2 to 3.2 in northern Illinois. 
 In the central region of Illinois, the 3.5 to 3.8 mid-maturity cultivar class 
consistently yielded more than the full-maturity cultivar class (3.9 to 4.4). This suggests 
that at mid-, and perhaps at more southerly latitudes in Illinois factors other than air 
temperatures during the SFP may limit the yield of full-maturity cultivars, so less focus  
should be placed on growing full- as opposed to mid-maturity cultivars. 
 
3.6 CONCLUSION  
 While genetic yield potential should remain the priority for selecting 
commercial cultivars, this study shows that maturity should be considered. At 
recommended soybean planting dates in Illinois (late April to early May) full-maturity 
cultivars have a longer SFP than short- and mid-maturity cultivars, and thus a higher 
yield potential, given our finding that the length of the SFP and yield are related. This 
study provides evidence, however, that the higher yield potential for full-maturity 
cultivars in northern Illinois may only materialize if air temperatures during the SFP 
remain warm.  
Timely planting helps to position the SFP into warmer air temperatures, and 
this may allow the added yield potential of full maturity cultivars to be realized. In 
addition, full-maturity cultivars rarely yielded less than mid-maturity cultivars in northern 
Illinois, so there appears to be little risk in growing full-maturity cultivars. In central 
Illinois, however, this study does not show evidence that full-maturity cultivars will yield 
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more than mid-maturity cultivars, even when air temperatures during the SFP remain 
warm. While timely planting remains a priority for warmer areas, choosing later-maturing 
cultivars may not confer much yield advantage.        
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3.8 TABLES AND FIGURES 
Table 3.1. The relative maturity range, planting date, and soil series for each site-year within the northern and central 
regions of the University of Illinois Variety Tasting program.   
 
Northern Illinois Region   Central Illinois Region 
  
DeKalb Erie Mt. Morris 
 
Perry New Berlin Urbana 
Year  
RM 
Range 
Planting 
Date 
Soil  
Series 
Planting 
Date 
Soil  
Series 
Planting 
Date 
Soil  
Series 
RM  
Range 
Planting 
Date 
Soil 
 Series 
Planting 
Date 
Soil  
Series 
Planting 
Date 
Soil  
Series 
2000 1.8 to 3.2 4-May 
Flanagan 
silt loam 
- - - - 2.4 to 4.2 2-May 
Rozetta 
silt loam 
2-May 
Sable silty 
clay loam 
6-May 
Flanagan 
silt loam 
2001 1.9 to 3.1 10-May 
Flanagan 
silt loam 
- - - - 2.6 to 4.2 4-May 
Rozetta 
silt loam 
3-May 
Sable silty 
clay loam 
7-May 
Flanagan 
silt loam 
2002 
 
- - - - - - 2.5 to 4.2 22-May 
Downs 
silt loam 
22-May 
Sable silty 
clay loam 
23-May 
Flanagan 
silt loam 
2003 
 
- - - - - - 2.6 to 4.3 13-May 
Downs 
silt loam 
13-May 
Sable silty 
clay loam 
2-May 
Flanagan 
silt loam 
2004 1.8 to 3.4 5-May 
Flanagan 
silt loam 
4-May 
Beaucoup 
silty clay 
loam 
4-May 
Muscatine 
silt loam 
2.6 to 4.4 3-May 
Rozetta 
silt loam 
7-May 
Sable silty 
clay loam 
7-May 
Flanagan 
silt loam 
2005 1.8 to 3.5 10-May 
Flanagan 
silt loam 
10-May 
Beaucoup 
silty clay 
loam 
10-May 
Muscatine 
silt loam 
2.6 to 4.4 5-May 
Ipava silt 
loam 
5-May 
Sable silty 
clay loam 
7-May 
Flanagan 
silt loam 
2006 1.8 to 3.4 6-May 
Flanagan 
silt loam 
4-May 
Beaucoup 
silty clay 
loam 
7-May 
Muscatine 
silt loam 
2.4 to 4.4 6-May 
Herrick 
silt loam 
7-May 
Sable silty 
clay loam 
10-May 
Flanagan 
silt loam 
2007 1.8 to 3.4 7-May 
Flanagan 
silt loam 
7-May 
Beaucoup 
silty clay 
loam 
7-May 
Muscatine 
silt loam 
2.5 to 4.3 9-May 
Herrick 
silt loam 
10-May 
Sable silty 
clay loam 
6-May 
Flanagan 
silt loam 
2008 1.8 to 3.4 10-May 
Flanagan 
silt loam 
8-May 
Beaucoup 
silty clay 
loam 
9-May 
Muscatine 
silt loam 
2.5 to 4.3 17-May 
Herrick 
silt loam 
19-May 
Sable silty 
clay loam 
29-May 
Flanagan 
silt loam 
2009 2 to 3.5 31-May 
Flanagan 
silt loam 
8-May 
Beaucoup 
silty clay 
loam 
19-May 
Muscatine 
silt loam 
2.4 to 4.4 1-Jun 
Herrick 
silt loam 
31-May 
Sable silty 
clay loam 
29-May 
Flanagan 
silt loam 
2010 1.9 to 3.5 6-May 
Flanagan 
silt loam 
6-May 
Beaucoup 
silty clay 
loam 
6-May 
Muscatine 
silt loam 
2.5 to 4.3 8-May 
Herrick 
silt loam 
7-May 
Sable silty 
clay loam 
9-May 
Flanagan 
silt loam 
2011 1.9 to 3.5 13-May 
Flanagan 
silt loam 
11-May 
Beaucoup 
silty clay 
loam 
11-May 
Muscatine 
silt loam 
2.4 to 4.4 10-May 
Herrick 
silt loam 
10-May 
Sable silty 
clay loam 
13-May 
Flanagan 
silt loam 
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Table 3.1. (continued) 
2012 1.9 to 3.4 14-May 
Flanagan 
silt loam 
14-May 
Beaucoup 
silty clay 
loam 
5-May 
Muscatine 
silt loam 
2.5 to 4.3 10-May 
Herrick 
silt loam 
10-May 
Sable silty 
clay loam 
9-May 
Flanagan 
silt loam 
2013 2 to 3.3 14-May 
Flanagan 
silt loam 
14-May 
Beaucoup 
silty clay 
loam 
14-May 
Muscatine 
silt loam 
2.5 to 4.3 11-Jun 
Herrick 
silt loam 
5-Jun 
Sable silty 
clay loam 
19-May 
Flanagan 
silt loam 
2014 2.1 to 3.5 23-May 
Flanagan 
silt loam 
22-May 
Beaucoup 
silty clay 
loam 
23-May 
Muscatine 
silt loam 
2.6 to 4.2 27-May 
Herrick 
silt loam 
12-May 
Sable silty 
clay loam 
19-May 
Flanagan 
silt loam 
2015 2.1 to 3.5 19-May 
Flanagan 
silt loam 
6-May 
Coffeen silt 
loam 
19-May 
Muscatine 
silt loam 
2.6 to 4.2 2-Jun 
Herrick 
silt loam 
8-May 
Sable silty 
clay loam 
7-May 
Flanagan 
silt loam 
2016 2.1 to 3.2 19-May 
Flanagan 
silt loam 
6-May 
Coffeen silt 
loam 
19-May 
Muscatine 
silt loam 
3 to 4.3 2-Jun 
Herrick 
silt loam 
8-May 
Sable silty 
clay loam 
7-May 
Flanagan 
silt loam 
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Table 3.2. The 30-year high, mean and low air temperatures for the period 
from 15-Aug to 30 Sept, and the range for the mean date of R8 (for the site-
years used in this study) for the locations within the northern and central 
regions of the University of Illinois Variety Testing program.   
  
30 yr Normal Temp (C°) 
15-Aug to 30-Sep 
Range for Mean Date 
of R8  
Region Location High Mean Low  Min  Mean  Max 
Northern DeKalb 24.6 18.5 12.5 
5-Sep 24-Sep 12-Oct Northern  Erie 25.6 18.7 11.8 
Northern Mt Morris 24.5 18.0 11.4 
Central Urbana  25.9 19.1 12.3 
29-Jul 24-Sep 18-Oct Central New Berlin 26.9 20.4 13.8 
Central Perry  27.2 20.1 13.1 
              
      
Table 3.3. Mixed model analysis of variance for the cultivar relative maturity classes effect on 
soybean yield within the low, mean and high daily air temperature groupings, for the cool, 
normal and warm site-years within the northern and central regions of the University of Illinois 
Variety Testing program.  
 
Northern Illinois Region Central Illinois Region 
Air Temp Groupings Num DF Den DF F Value Pr > F Num DF Den DF F Value Pr > F 
Mean Low Daily Air Temp 
        Cool Site-Years 3 1711 25.6 <.0001 3 3131 114.71 <.0001 
Normal Site-Years  3 1909 4.42 0.0042 3 2806 42.97 <.0001 
Warm Site-Years  3 1281 26.44 <.0001 3 2495 56.07 <.0001 
Mean Daily Air Temp 
        Cool Site-Years 3 1682 9.69 <.0001 3 3231 108.52 <.0001 
Normal Site-Years  3 1190 11.81 <.0001 3 2745 52.77 <.0001 
Warm Site-Years  3 1247 32.71 <.0001 3 2457 64.61 <.0001 
Mean High Daily Air Temp 
        Cool Site-Years 3 1583 12.89 <.0001 3 3151 116.33 <.0001 
Normal Site-Years  3 1877 43.27 <.0001 3 2823 51.63 <.0001 
Warm Site-Years  3 1329 26.04 <.0001 3 2461 51.12 <.0001 
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Figure 3.1. Soybean yield for 
the four cultivar maturity classes 
in the warm, normal and cool 
site-years, and in the low, mean 
and high daily air temperature 
groupings for the period from 15-
Aug to 30-Sept from the 
northern region of the University  
of Illinois Variety Testing 
program. The vertical bars with 
the red diagonal, black dashed 
vertical, and blue gridded lines 
represent the warm, normal and 
cool site-years. Means with the 
same letters are not significantly 
different at an alpha level of P < 
0.05, within the warm, normal 
and cool site-years. 
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Figure 3.2. Soybean yield for the 
four cultivar maturity classes in the 
warm, normal and cool site-years, in 
the low, mean and high daily air 
temperature groupings for the 
period from 15-Aug to 30-Sept from 
the central region of the University 
of Illinois Variety Testing program. 
The vertical bars with the red 
diagonal, black dashed vertical, and 
blue gridded lines represent the 
warm, normal and cool site-years. 
Means with the same letters are not 
significantly different at an alpha 
level of P < 0.05, within the warm, 
normal and cool site-years. 
